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May 2000 Ulvn vhohfwlrq dqg wkh vshflfdwlrq ri wkh
frqyhqwlrqdo ulvn dgmxvwphqw irupxod
Huln Vfkrnndhuw dqg Fdulqh Ydq gh Yrrugh|
Pdufk 5333
Devwudfw
Zh dujxh wkdw d vkdus glvwlqfwlrq pxvw eh pdgh ehwzhhq wkh hpslul0
fdo sureohp ri ￿qglqj wkh ehvw htxdwlrq wr h{sodlq phglfdo h{shqglwxuhv
dqg wkh qrupdwlyh txhvwlrq ri ghulylqj fdslwdwlrqv zklfk jlyh khdowk sodqv
wkh dssursuldwh lqfhqwlyhv iru h!flhqf|1 Zh sursrvh d surfhgxuh/ wdnhq
iurp wkh vrfldo fkrlfh olwhudwxuh/ wr jr iurp wkh hvwlpdwhg htxdwlrqv wr
wkh fdslwdwlrqv1 Li wkh hvwlpdwhg htxdwlrqv duh qrw dgglwlyho| vhsdudeoh
lq ohjlwlpdwh dqg loohjlwlpdwh ulvn dgmxvwhuv/ lw lv lpsrvvleoh wr uhpryh doo
lqfhqwlyhv iru ulvn vhohfwlrq zkloh uhvshfwlqj dw wkh vdph wlph d vwudljkw0
iruzdug uhtxluhphqw ri krul}rqwdo htxlw|1 Lq vr idu dv wkh frqyhqwlrqdo ulvn
dgmxvwphqw olwhudwxuh rqo| lqfoxghv vr0fdoohg ￿ohjlwlpdwh￿ ulvn dgmxvwhuv lq
wkh hvwlpdwlrqv/ lwv uhvxowv pd| vx￿hu iurp rplwwhg yduldeohv0eldv1 Pruh0
ryhu/ lw lv qhfhvvdu| wr lqwurgxfh khdowk sodq ehkdylrxu lq wkh hvwlpdwhg
htxdwlrqv1 Zh looxvwudwh rxu jhqhudo phwkrgrorjlfdo srlqwv zlwk hpslulfdo
uhvxowv/ rewdlqhg iurp d furvv0vhfwlrq ri 654/444 Ehojldq sdwlhqwv1
￿Wkh hpslulfdo zrun lq wklv sdshu lv edvhg rq d gdwdedqn/ ￿qdqfhg e| dqg frqvwuxfwhg xqghu
wkh vxshuylvlrq ri wkh Ehojldq Khdowk Dgplqlvwudwlrq +UL]LY2LQDPL,1 Wkh frqvwuxfwlrq ri wklv
gdwdedqn kdv ehhq mrlqw zrun zlwk Sdxo Nhvwhqv dqg klv frooderudwruv +GXOEHD/ Xqlyhuvlw| ri
Euxvvhov,1 Qhlwkhu UL]LY2LQDPL qru GXOEHD duh uhvsrqvleoh iru wkh lghdv h{suhvvhg lq wklv
sdshu/ krzhyhu1 Pruhryhu/ wkh hvwlpdwlrq uhvxowv lq wkh iroorzlqj vhfwlrqv duh surylvlrqdo1 Wkh|
duh rqo| xvhg wr looxvwudwh wkh phwkrgrorjlfdo srlqwv lq wkh sdshu dqg vkrxog qrw eh vhhq dv d
frqfuhwh sursrvdo iru d qhz fdslwdwlrq irupxod lq Ehojlxp1 Zh wkdqn Pduf Iohxuedh|/ Z|qdqg
ydq gh Yhq/ Hgg| ydq Grruvodhu dqg wkh sduwlflsdqwv ri wkh LVSH0frqihuhqfh +hvshfldoo| rxu
glvfxvvdqwv Wrp PfJxluh dqg Dplu Vkpxhol, iru pdq| xvhixo frpphqwv1
|Fhqwuh iru Hfrqrplf Vwxglhv/ NXOhxyhq/ Qddpvhvwuddw 9</ E06333 Ohxyhq +Ehojlxp,1 H0
pdlo= huln1vfkrnndhuwChfrq1nxohxyhq1df1eh41 Lqwurgxfwlrq
Lq pdq| frxqwulhv wkh pryh wrzdugv survshfwlyh qdqflqj ri khdowk sodqv kdv
ehhq dffrpsdqlhg e| wkh judgxdo lqwurgxfwlrq ri ulvn dgmxvwphqw vfkhphv1 Idlu0
qhvv frqvlghudwlrqv duh lpsruwdqw lq frxqwulhv zkhuh d fhqwudo dxwkrulw| kdv wr
doorfdwh wkh qdqfldo phdqv ryhu ydulrxv uhjlrqdo dxwkrulwlhv1 Wkh| dovr sod| d
uroh lq frxqwulhv zlwk suhplxp uhjxodwlrq dqg +prvw riwhq sduwldoo|, survshfwlyh
qdqflqj ri frpshwlwlyh khdowk sodqv41 Exw lq wkh odwwhu v|vwhpv wkhuh lv dq dg0
glwlrqdo frqvlghudwlrq= wkh ulvn dgmxvwphqw vfkhph kdv wr eh ghvljqhg vr dv wr
plqlpl}h wkh gdqjhu ri fuhdp0vnlpplqj1 Srolf| pdnhuv duh wkhq frqiurqwhg zlwk
d gl!fxow wudgh0r1 Wkh| lqwurgxfh survshfwlyh sd|phqwv wr fuhdwh lqfhqwlyhv iru
h!flhqf|1 Wkhvh survshfwlyh sd|phqwv/ krzhyhu/ fuhdwh d srwhqwldo gdqjhu ri ulvn
vhohfwlrq1 Zh zloo xvh wkh odwwhu eurdg whup wr lqglfdwh doo ehkdylrxu e| khdowk
sodqv zklfk ohdgv wr wkh vrfldoo| xqdffhswdeoh xqhtxdo wuhdwphqw ri lqglylgxdo
sdwlhqwv +hlwkhu wkurxjk xqhtxdo dffhvv ru wkurxjk glhuhqfhv lq txdolw| ri vhu0
ylfhv,1 Wkh sxusrvh ri ulvn dgmxvwlqj wkh survshfwlyh sd|phqwv lv wr uhgxfh wkh
lqfhqwlyhv iru vxfk ulvn vhohfwlrq51 Lq wklv sdshu zh irfxv rq wkh vshflfdwlrq ri
wkh ulvn dgmxvwphqw irupxod lq d frpshwlwlyh hqylurqphqw1
Wklv txhvwlrq kdv uhfhlyhg pxfk dwwhqwlrq iurp wkh srolf|0pdnhuv lq wkh gli0
ihuhqw frxqwulhv lqyroyhg1 Lq wkh uvw sodfh wkh| kdyh wr ghflgh derxw wkh yduldeohv
wr lqfoxgh/ wkh vr0fdoohg ulvn dgmxvwhuv1 Dowkrxjk lq dfwxdo sudfwlfh wkh fkrlfh kdv
ehhq prvw riwhq ghwhuplqhg e| frqvlghudwlrqv ri gdwd dydlodelolw|/ wkhuh lv dw wkh
vdph wlph d frqvhqvxv wkdw lghdoo| wkh ulvn dgmxvwhuv vkrxog uh hfw wkh khdowk ulvnv
ri wkh lqvxuhg srsxodwlrq1 Krzhyhu/ wkh fodxvh vrfldoo| xqdffhswdeoh lq rxu gh0
qlwlrq ri ulvn vhohfwlrq lv fuxfldo1 Qrw doo wkh idfwruv zklfk lq xhqfh phglfdo
h{shqglwxuhv duh frqvlghuhg wr eh ohjlwlpdwh ulvn dgmxvwhuv= wklqn derxw glhu0
hqfhv lq gulqnlqj dqg vprnlqj ehkdylrxu/ ru derxw lqwhuuhjlrqdo glhuhqfhv lq wkh
sudfwlfh vw|oh ri wkh phglfdo surihvvlrq1 Wkh fkrlfh ri zklfk yduldeohv wr lqfoxgh
lv lq wkh uvw sodfh d qrupdwlyh lvvxh zklfk lv ghwhuplqhg e| wkh grplqdqw vrfldo
ydoxhv derxw +wkh olplwv ri, vrolgdulw|1
Lq wkh vhfrqg sodfh/ wkh zhljkwv wr eh jlyhq wr wkh glhuhqw ulvn dgmxvwhuv kdyh
wr eh {hg1 Fxuuhqw sudfwlfh xvhv hpslulfdo lqirupdwlrq rq dfwxdo h{shqglwxuh
sdwwhuqv wr hvwlpdwh wkhvh zhljkwv1 Dyhudjh klvwrulfdo frvwv shu jurxs kdyh sod|hg
4Ydq gh Yhq dqg Hoolv +4<<<, ghvfuleh wkh frqfuhwh vlwxdwlrq lq hohyhq frxqwulhv zklfk kdyh
lqwurgxfhg ulvn dgmxvwphqw zlwklq d vfkhph ri survshfwlyh ￿qdqflqj ri frpshwlwlyh khdowk sodqv1
Ulfh dqg Vplwk +4<<<, lqfoxgh lq wkhlu ryhuylhz dovr pdq| frxqwulhv zlwk d khdowk fduh v|vwhp
ri wkh QKV0w|sh1
5Ehfdxvh zh irfxv rq vlwxdwlrqv zlwk d xqlyhuvdo frpsxovru| khdowk lqvxudqfh vfkhph/ zh
frqfhqwudwh rq wkh ehkdylrxu ri khdowk sodqv1 Zh wkhuhiruh qhjohfw wkh srvvlelolw| wkdw ulvn
dgmxvwphqw fdq dovr eh xvhg wr uhgxfh wkh sureohpv iroorzlqj iurp frqvxphu ehkdylrxu lq wkh
fdvh ri dgyhuvh vhohfwlrq 0 vhh/ h1j1/ Nhhohu hw do1 +4<<;,1
5d grplqdqw uroh lq wkhvh fdofxodwlrqv1 Vrph frxqwulhv kdyh edvhg wkh fdslwdwlrq
dprxqwv iru glhuhqw jurxsv rq vlpsoh fhoo phdqv/ zkhuh wkh fhoov duh ghqhg
rq wkh edvlv ri ghprjudsklf yduldeohv +prvwo| djh dqg jhqghu,1 Zkhuh vx!flhqw
lqglylgxdo gdwd duh dydlodeoh rqh fdq lpsuryh xsrq wklv surfhgxuh wkurxjk wkh
hvwlpdwlrq ri d phglfdo h{shqglwxuh ixqfwlrq1 Ri frxuvh/ li wkh prgho lv olqhdu
dqg doo wkh h{sodqdwru| yduldeohv duh gxpplhv zh duh edfn lq d vrphzkdw pruh
vrsklvwlfdwhg yhuvlrq ri wkh fhoo phdqv dssurdfk1 Djdlq/ dfwxdo dssolfdwlrqv kdyh
ehhq ghwhuplqhg pdlqo| e| frqvlghudwlrqv ri gdwd dydlodelolw|1 Lq frxqwulhv zkhuh
vxfk lqglylgxdo gdwd duh qrw dydlodeoh/ wkhuh kdyh ehhq dwwhpswv wr ghulyh wkh ulvn
dgmxvwphqw irupxod wkurxjk hvwlpdwlrq zlwk djjuhjdwh gdwd dw d uhjlrqdo ohyho
+Fduu0Kloo hw do1/ 4<<7/ Vfkrnndhuw hw do1/ 4<<;,1 Lw lv reylrxv wkdw wkh odwwhu phwkrg
lv qrw vx!flhqwo| uhqhg wr uhpryh wkh gdqjhu ri ulvn vhohfwlrq lq d frpshwlwlyh
hqylurqphqw1
Srolf| pdnhuv kdyh ehhq orrnlqj dw wkh dfdghplf zruog iru hfrqrphwulf dgylfh
derxw wkh ulvn dgmxvwphqw vfkhph wr eh xvhg1 Wkhuh lv e| qrz d kxjh olwhudwxuh
frpsdulqj wkh vwdwlvwlfdo shuirupdqfh ri ydulrxv ulvn dgmxvwhuv dqg dqdo|vlqj wkhlu
srwhqwldo wr fxue ulvn vhohfwlrq1 Odujh vhwv ri lqglylgxdo gdwd kdyh ehhq xvhg wr
vkrz wkh olplwhg h{sodqdwru| srzhu ri ghprjudsklf yduldeohv dqg wkh lpsruwdqfh
ri lqwurgxflqj pruh gluhfw lqirupdwlrq rq khdowk vwdwxv +vhh ydq gh Yhq dqg Hoolv/
4<<</ iru d vxuyh| lqfoxglqj wkh prvw lpsruwdqw uhihuhqfhv,1 Zkloh wkh odujh
exon ri wklv olwhudwxuh kdv frqfhqwudwhg rq vwdwlvwlfdo dvshfwv dqg w|slfdoo| xvhv
h{sodlqhg yduldqfh wr mxgjh wkh jrrgqhvv ri ulvn dgmxvwhuv +Qhzkrxvh/ 4<<9,/
wkhuh dovr vhhpv wr eh d jurzlqj dzduhqhvv derxw wkh qrupdwlyh dvshfwv ri wkh
txhvwlrq1 Zkdw wr gr zlwk vwdwlvwlfdoo| vljqlfdqw exw loohjlwlpdwh ulvn dgmxvwhuvB
Wkhvh zruulhv duh vwuhqjwkhqhg e| vrph uhfhqw wkhruhwlfdo sdshuv/ zklfk dqdo|vh
wkh ulvn dgmxvwphqw txhvwlrq edvlfdoo| dv d vhfrqg ehvw0sulflqj sureohp +Ohzlv
dqg Vdsslqjwrq/ 4<<:/ Hoolv/ 4<<;/ Jod}hu dqg PfJxluh/ 4<<;/ Hqflqrvd/ 4<<<,1 Lw
wxuqv rxw wkdw lw lv fuxfldo wr lqfrusrudwh wkh ehkdylrxudo uhdfwlrqv ri wkh khdowk
sodqv lqwr wkh dqdo|vlv1 Rswlpdo ulvn dgmxvwphqw grhv qrw jhqhudoo| uhtxluh wkh
fdslwdwlrqv wr htxdo dyhudjh frvwv1 Dw wklv prphqw/ wkhuh lv d udwkhu odujh jds
ehwzhhq wklv wkhruhwlfdo olwhudwxuh dqg wkh hpslulfdo zrun rq hvwlpdwlqj ulvn
dgmxvwphqw vfkhphv1
Zlwk wklv sdshu zh wu| wr eulgjh sduw ri wkdw jds1 Rxu vwduwlqj srlqw lv wkh
frqyhqwlrqdo hpslulfdo ulvn dgmxvwphqw olwhudwxuh dqg zh zloo looxvwudwh rxu lghdv
zlwk hpslulfdo uhvxowv iurp d vdpsoh ri 654/444 Ehojldq sdwlhqwv1 Lq vhfwlrq 5
zh vxppdul}h wkh srlqw pdgh e| Vfkrnndhuw hw do1 +4<<;, wkdw uhfhqw wkhrulhv
ri uhvsrqvlelolw|0vhqvlwlyh idlu frpshqvdwlrq rhu d xvhixo iudphzrun wr dqdo|vh
wkh whqvlrq ehwzhhq wkh hfrqrphwulf dqg vwdwlvwlfdo zrun rq wkh rqh kdqg dqg
wkh qrupdwlyh txhvwlrqv rq wkh rwkhu kdqg1 Wkh qrwlrq ri ulvn vhohfwlrq zloo eh
irupdolvhg wdnlqj h{solflwo| lqwr dffrxqw wkh glhuhqfh ehwzhhq ohjlwlpdwh dqg lo0
6ohjlwlpdwh ulvn dgmxvwhuv/ ehwzhhq frpshqvdwlrq dqg uhvsrqvlelolw|0yduldeohv1
Lq wklv sdshu zh frqfhqwudwh rq wkh lpsolfdwlrqv ri wklv wkhruhwlfdo dssurdfk iru
wkh gluhfwlrq ri ixuwkhu hpslulfdo zrun1 Zh wkhuhiruh sxw rxuvhoyhv lq wkh srvlwlrq
ri dq hfrqrphwulfldq zkr kdv wr jlyh frqfuhwh dgylfh derxw wkh ulvn dgmxvwphqw
vfkhph wr eh lpsohphqwhg1 Rxu uhdo0zruog edfnjurxqg lv wkh Ehojldq vlwxdwlrq/
dv vnhwfkhg lq vhfwlrq 61 Vhfwlrq 7 vkrzv vrph hpslulfdo uhvxowv frqfhuqlqj wkh lq0
wurgxfwlrq ri +lo,ohjlwlpdwh ulvn dgmxvwhuv lq d vlpsoh olqhdu prgho/ hvwlpdwhg zlwk
lqglylgxdo gdwd1 Lq vhfwlrq 8 zh frpphqw rq wkh lpsolfdwlrqv iru ulvn vhohfwlrq ri
zrunlqj zlwk d qrq0olqhdu prgho1 Vhfwlrq 9 rhuv vrph yhu| uvw lqvljkwv rq wkh
lpsruwdqfh ri prghoolqj h{solflwo| wkh ehkdylrxu ri wkh khdowk sodqv1 Vhfwlrq :
frqfoxghv1
51 D vlpsoh prgho ri uhvsrqvlelolw|0vhqvlwlyh ulvn dgmxvw0
phqw
Ohw xv uvw wdnh wkh srvlwlrq ri dq hpslulfdo hfrqrplvw zkr zdqwv wr h{sodlq
dqg2ru suhglfw lqglylgxdo phglfdo h{shqglwxuhv1 Vkh zloo hvwlpdwh d ixqfwlrq uh0
odwlqj lqglylgxdo phglfdo h{shqglwxuhv %￿ wr d vhw ri lqglylgxdo dqg hqylurqphqwdo
fkdudfwhulvwlfv @￿=
%￿ ' sE@￿  ' cc? +514,
Lq wklv vhfwlrq zh zloo qhjohfw wkh dsshdudqfh ri d vwrfkdvwlf huuru whup lq +514,1
Zh zloo uhwxuq wr lwv wuhdwphqw lq wkh iroorzlqj vhfwlrq1 Zh vxssrvh wkdw wkh
ixqfwlrq sE lv prqrwrqrxv dqg zh ghqh wkh yduldeohv @ lq vxfk d zd| wkdw
;c
Ys
Y@￿ N f1 Wkh ixqfwlrqdo irup sE d q gw k hy d u l d e o h vw re hl q f o x g h gl qw k h
prgho zloo eh fkrvhq rq wkh edvlv ri wkhruhwlfdo dqg hpslulfdo frqvlghudwlrqv1 D
zkroh udqjh ri srwhqwldo yduldeohv fdq eh frqvlghuhg1 Ghprjudsklf yduldeohv vxfk
dv djh dqg jhqghu ghqlwho| duh lpsruwdqw exw qrw vx!flhqw1 Dgglwlrqdo lqirupd0
wlrq rq pruelglw| frqvlghudeo| lqfuhdvhv wkh h{sodqdwru| srzhu ri wkh uhjuhvvlrqv1
Hfrqrplf/ hqylurqphqwdo dqg ehkdylrxudo idfwruv dovr sod| d uroh= wklqn derxw
wkh lpsruwdqfh ri lqfrph dqg vrfldo fodvv ru derxw wkh lq xhqfh ri vprnlqj dqg
gulqnlqj ehkdylrxu1 Pruhryhu/ wkhuh lv pxfk hylghqfh rq lqwhuuhjlrqdo yduldwlrq
lq phglfdo h{shqglwxuhv/ olqnhg wr glhuhqfhv lq idfwru sulfhv ru lq wkh sudfwlfh
vw|oh ri wkh phglfdo surihvvlrq1 Dv wr wkh ixqfwlrqdo irup/ wkhuh lv d odujh olwhu0
dwxuh frpsdulqj glhuhqw dssurdfkhv wr fdswxuh wkh hpslulfdo skhqrphqd ri +d,
d odujh iudfwlrq ri }hur phglfdo h{shqglwxuhv lq wkh lqglylgxdo gdwd> +e, wkh qrq0
h{lvwhqfh ri qhjdwlyh phglfdo h{shqglwxuhv> +f, wkh uljkw vnhzhg glvwulexwlrq ri wkh
srvlwlyh revhuydwlrqv rq phglfdo h{shqglwxuhv +vhh Mrqhv/ 4<<</ iru dq ryhuylhz,1
Rxu hpslulfdo hfrqrplvw kdv wr vroyh d zkroh vhulhv ri gl!fxow exw lqwhuhvwlqj
txhvwlrqv1
7Wkh sxusrvh ri wkh hvwlpdwlrq h{huflvh/ krzhyhu/ lv wr jlyh dgylfh wr d fhqwudo
ixqg/ zklfk kdv wr ghflgh derxw wkh doorfdwlrq ri d wrwdo dprxqw / ryhu glhuhqw
khdowk sodqv E ' ccT  wkurxjk d vhw ri survshfwlyh exw ulvn dgmxvwhg fdslwd0
wlrq dprxqwv1 Zh dvvxph wkdw wkh dprxqw / lv {hg d sulrul e| wkh fhqwudo ixqg1
Wkhuhiruh/ wkhuh lv lq jhqhudo qr uhdvrq zk| / zrxog h{dfwo| fryhu wrwdo phglfdo
h{shqglwxuhv h{ srvw1 Wkh glhuhqfh
S
%￿  / kdv wr eh sdlg iru e| wkh khdowk
sodqv/ l1h1 wkh| kdyh wr fryhu doo frvwv1 Iru vlpsolflw|/ zh dvvxph wkdw wkhuh duh qr
frsd|phqwv wr eh sdlg e| wkh sdwlhqwv1 Pruhryhu/ khdowk sodqv duh qrw doorzhg wr
glhuhqwldwh wkh suhpld iru glhuhqw jurxsv ri sdwlhqwv1 Wkh sxusrvh ri wkh ulvn
dgmxvwphqw lv wkhq wr uhgxfh wkh lqfhqwlyhv iru ulvn vhohfwlrq1 Wkhvh lqfhqwlyhv wr
wuhdw sdwlhqwv glhuhqwo| duh gluhfwo| olqnhg wr wkh prqhwdu| orvv ru jdlq pdgh rq
wkh sdwlhqwv/ zklfk fdq eh zulwwhq dv
Z￿ ' /￿  %￿ +515,
zkhuh /￿ ghqrwhv wkh dprxqw uhfhlyhg iru lqglylgxdo  e| wkh khdowk sodq zklfk
lqfoxghv  dprqj lwv phpehuv +zlwk
S
￿ /￿ ' /,61
Htxdwlrq +515, lpphgldwho| vxjjhvwv wkdw wkh fdslwdwlrq sd|phqwv zloo kdyh
wr eh uhodwhg lq rqh zd| ru dqrwkhu wr wkh glhuhqfhv lq phglfdo h{shqglwxuhv1 Lw
lv wkhuhiruh qrw vxusulvlqj wkdw hpslulfdo lqirupdwlrq sod|v d fuxfldo uroh hyhu|0
zkhuh fdslwdwlrqv kdyh ehhq lqwurgxfhg1 Exw/ dv qrwhg ehiruh/ qrw doo vljqlfdqw
h{sodqdwru| yduldeohv duh dffhswdeoh dv ulvn0dgmxvwhuv1 Dfwxdo h{shqglwxuhv zloo
dovr uh hfw wkh h{lvwlqj lqh!flhqflhv lq wkh v|vwhp/ zklfk wkh survshfwlyh sd|phqw
vfkhph lv dlplqj wr uhphg|1 Lw lv wkhuhiruh ehwwhu wr dvvxph wkdw wkh fdslwdwlrq
sd|phqwv kdyh wr uh hfw dq dffhswdeoh frvw ohyho +ydq gh Yhq dqg Hoolv/ 4<<<,/
l1h1 wkh h{shqglwxuhv wr gholyhu phglfdoo| qhfhvvdu| fduh lq d frvw0hhfwlyh zd|1 Lw
lv wkhq qr orqjhu reylrxv krz wr xvh wkh lqirupdwlrq iurp wkh hvwlpdwhg h{shqgl0
wxuh ixqfwlrq +514,1 Wkh fhqwudo ixqg zloo kdyh wr wdnh dq h{solflw ghflvlrq derxw
zkdw ulvn0dgmxvwhuv duh frqvlghuhg dv ohjlwlpdwh iru wkh fdofxodwlrq ri /￿/l qw k h
vhqvh wkdw wkh| frqwulexwh wr wkh ghqlwlrq ri wkh dffhswdeoh frvw ohyho1 Ohw xv
ghqrwh wkhvh frpshqvdwlrq0yduldeohv dv @￿ Lw vhhpv uhdvrqdeoh wr dvvxph wkdw
@￿  @/ vlqfh lw lv qrw vhqvleoh iru wkh fhqwudo ixqg wr zrun zlwk ulvn dgmxvwhuv wkdw
kdyh qr lq xhqfh rq phglfdo h{shqglwxuhv1 Krzhyhu/ w|slfdoo| wkh fhqwudo ixqg
zloo qrw zdqw wr lqfoxgh doo yduldeohv @= zh kdyh phqwlrqhg douhdg| wkh h{dpsohv
ri gulqnlqj dqg vprnlqj ehkdylrxu/ ru ri glhuhqfhv lq sudfwlfh vw|ohv71O h w x v
6Wklv h{suhvvlrq frpsohwho| qhjohfwv wkh idfw wkdw wkh lqfhqwlyhv iru ulvn vhohfwlrq zloo eh
ghwhuplqhg e| ixwxuh dqg qrw e| dfwxdo h{shqglwxuhv dqg wkdw wkhvh ixwxuh h{shqglwxuhv duh
xqfhuwdlq1 D pruh dghtxdwh dssurdfk zrxog eh wr gh￿qh H+￿l,@$l ￿H+{l,1 Krzhyhu/ lq wklv
vhfwlrq qr dgglwlrqdo lqvljkwv duh jdlqhg e| wklv frpsolfdwlrq dqg zh nhhs wr wkh dvvxpswlrq
wkdw wkh vwrfkdvwlf huuru whupv lq +514, fdq eh qhjohfwhg1 Zh zloo uhwxuq wr wklv lvvxh lq wkh qh{w
vhfwlrq1
7Ohw xv hpskdvl}h wkdw zh phqwlrq wkhvh fdvhv rqo| dv h{dpsohv1 Wkh h{dfw vsolw ehwzhhq
8ghqrwh e| @- wkh uhvsrqvlelolw|0yduldeohv zklfk kdyh dq lq xhqfh rq phglfdo
h{shqglwxuhv/ exw duh qrw lqfoxghg lq wkh vhw ri ulvn dgmxvwhuv/ l1h1 @- ' @ q @￿1
Wkh khdowk sodqv zloo uhpdlq uhvsrqvleoh iru glhuhqfhv lq phglfdo h{shqglwxuhv







Djdlqvw wklv edfnjurxqg lw lv qrz srvvleoh wr irupxodwh wzr uhtxluhphqwv rq
wkh ulvn dgmxvwphqw vfkhph1 Wkh uvw fdq eh vxppdul}hg dv iroorzv=
D{lrp 41 +QLFL, Iru dq| wzr lqglylgxdov  dqg  zlwk @￿
￿ ' @￿
￿ c/￿ ' /￿1
Li wzr lqglylgxdov kdyh h{dfwo| wkh vdph ydoxh iru doo ohjlwlpdwh ulvn dgmxvwhuv
+iru doo frpshqvdwlrq yduldeohv, wkh khdowk sodqv vkrxog jhw wkh vdph vxevlg|
iru wkhvh wzr lqglylgxdov1 Doo ulvn dgmxvwphqw vfkhphv lq wkh zruog vdwlvi| wklv
dssduhqwo| lqqrfxrxv krul}rqwdo qhxwudolw| dvvxpswlrq1
Pruhryhu/ lw lv dovr srvvleoh wr irupxodwh wkh qr lqfhqwlyhv iru ulvn vhohfwlrq
uhtxluhphqw lq d suhflvh zd|1 Zh qrwhg douhdg| wkdw wkhvh lqfhqwlyhv duh uhodwhg
wr glhuhqfhv lq Z￿1 Krzhyhu/ qrw doo wkhvh glhuhqfhv kdyh wr eh dyrlghg1 Li
glhuhqfhv lq Z￿ iroorz iurp idfwruv iru zklfk wkh fhqwudo ixqg grhv qrw zdqw wr
frpshqvdwh wkhuh lv qr sureohp1 Zh zloo wkhuhiruh frqvlghu wzr lqglylgxdov zklfk
kdyh wkh vdph ydoxh iru doo uhvsrqvlelolw| yduldeohv @-/ l1h1 zklfk glhu rqo| lq wkh
ydoxhv ri vrph dffhswhg ulvn dgmxvwhuv1 Lq wkdw fdvh zh zdqw wr dyrlg lqfhqwlyhv
iru glhuhqwldo wuhdwphqw ri wkhvh lqglylgxdov/ l1h1 zh zdqw wr lpsrvh
D{lrp 51 +QLUV, Iru dq| wzr lqglylgxdov  dqg  zlwk @-
￿ ' @-
￿ cZ ￿ ' Z￿1
Wkh lqwhusuhwdwlrq ri QLUV lv hdv|1 Li wzr lqglylgxdov kdyh wkh vdph ydoxh iru
wkh uhvsrqvlelolw| yduldeohv/ wkh| glhu rqo| lq wkh ohyho ri ohjlwlpdwh ulvn dgmxvwhuv1
Wkhvh glhuhqfhv vkrxog qrw ohdg wr glhuhqwldo wuhdwphqw ri wkh lqglylgxdov/ eh0
fdxvh wklv zrxog lqyroyh vrfldoo| xqdffhswdeoh ulvn vhohfwlrq1 Wkhuhiruh/ wkh ulvn
dgmxvwphqw vfkhph vkrxog uhpryh wkh lqfhqwlyhv iru vxfk glhuhqwldo wuhdwphqw1









￿ c/ ￿ :/ ￿ +517,
ru= wr dyrlg ulvn vhohfwlrq/ khdowk sodqv pxvw uhfhlyh d odujhu fdslwdwlrq iru lqgl0
ylgxdov zlwk d odujhu ydoxh iru wkh ulvn dgmxvwhuv1
￿frpshqvdwlrq￿ dqg ￿uhvsrqvlelolw|￿0yduldeohv lpsolhv gl!fxow hwklfdo dqg2ru srolwlfdo txhvwlrqv/
xsrq zklfk zh gr qrw zdqw wr hoderudwh lq wklv sdshu1 Zh vlpso| dvvxph wkdw wkh ghflvlrq0
pdnhu wdnhv dq h{solflw ghflvlrq rq wklv srlqw dqg zh wdnh klv ghflvlrq dv jlyhq1









￿ cZ ￿ 	Z ￿ +518,
Htxdwlrq +518, vkrzv wkdw lpsrvlqj d vhhplqjo| lqqrfxrxv d{lrp ri krul}rqwdo
qhxwudolw| kdv vwurqj frqvhtxhqfhv1 Wklv h{sodlqv zk| Vfkrnndhuw hw do1 +4<<;,
kdyh lqwhusuhwhg QLFL lq d pruh dpelwlrxv zd| +qr lqfhqwlyhv iru frvw lq d0
wlrq,1 Khdowk sodqv kdyh wr ehdu wkhpvhoyhv wkh kljkhu h{shqglwxuhv/ uhvxowlqj
iurp glhuhqfhv lq wkh @-0yduldeohv1 Wklv pd| jlyh wkhp wkh lqfhqwlyh wr fxue lq0
h!flhqf|81 Krzhyhu/ lw dovr pd| lqgxfh lqfhqwlyhv iru vhohfwlrq ri fhuwdlq lqglylg0
xdov +vhh wkh lqwhusuhwdwlrq lq Vkpxhol/ 4<<<,= li vprnlqj dqg gulqnlqj kdelwv duh
qrw lqfoxghg lq wkh olvw ri ulvn dgmxvwhuv/ khdowk sodqv zloo pdnh suhglfwdeoh orvvhv
rq vprnlqj dqg gulqnlqj lqglylgxdov1 Li glhuhqfhv lq sudfwlfh vw|ohv duh uhjlrqdoo|
ghwhuplqhg/ khdowk sodqv pd| eh prwlydwhg wr ohdyh fhuwdlq h{shqvlyh uhjlrqv
dqg frqfhqwudwh wkhlu dfwlylwlhv lq rwkhu uhjlrqv1 Krzhyhu/ lq rxu vhwwlqj 0dqg
jlyhq wkdw d ghflvlrq kdv ehhq wdnhq rq wkh sduwlwlrqlqj ri wkh h{sodqdwru| ydul0
deohv lqwr ohjlwlpdwh frpshqvdwlrq dqg loohjlwlpdwh uhvsrqvlelolw|0yduldeohv0
wklv nlqg ri ehkdylrxu grhv qrw uh hfw vrfldoo| xqdffhswdeoh ulvn vhohfwlrq91
Vfkrnndhuw hw do1 +4<<;, kdyh dujxhg wkdw wkh irupdo vhwwlqj ri wklv sureohp lv
vlplodu wr wkh dqdo|vlv ri uhvsrqvlelolw|0vhqvlwlyh idlu frpshqvdwlrq lq wkh uhfhqw
vrfldo fkrlfh olwhudwxuh +Iohxuedh|/ 4<<7/ 4<<8/ Ervvhuw/ 4<<8/ Ervvhuw dqg Iohxu0
edh|/ 4<<9,:1 Lw wxuqv rxw wkdw wkh udwkhu vwudljkwiruzdug d{lrpv QLFL dqg QLUV
kdyh yhu| vwurqj frqvhtxhqfhv iru wkh ulvn dgmxvwphqw vfkhph1 D uvw lpsruwdqw
uhvxow lv wkh iroorzlqj
Sursrvlwlrq 5141 +Ervvhuw/ 4<<8/ Ervvhuw dqg Iohxuedh|/ 4<<9, Li wkh phglfdo





￿ / wkhq wkh iroorzlqj qdwxudo phfkdqlvp vdwlvhv














8H!flhqf| lv lqwhusuhwhg khuh lq wkh vhqvh ri frvw frqwdlqphqw1 Wkh srvvlelolw| ri txdolw|
glvwruwlrqv +Jod}hu dqg PfJxluh/ 4<<;/ 4<<<, lv qrw prghoohg h{solflwo|1 Lw zloo wxuq rxw odwhu
wkdw lq wkh hpslulfdo frqwh{w ri pdq| Hxurshdq frxqwulhv lq jhqhudo/ dqg Ehojlxp lq sduwlfxodu/
txdolw| frpshwlwlrq ehwzhhq lqvxuhuv lv yhu| olplwhg1
9Ohw xv hpskdvl}h rqfh djdlq wkdw wklv lv d qrupdwlyh vwdwhphqw dqg wkdw lq wklv sdshu zh
gr qrw zdqw wr glvfxvv lq ghwdlo wkh srvvleoh prwlydwlrqv ohdglqj wr wkh sduwlwlrqlqj ri wkh vhw
ri h{sodqdwru| yduldeohv1 Zh wdnh wklv sduwlwlrqlqj dv ghwhuplqhg e| wkh ghflvlrq0pdnhuv dqg
wkhuhiruh dv jlyhq iru wkh dqdo|vw1 Zh frqfhqwudwh rq wkh phwkrgrorjlfdo lpsolfdwlrqv ri wkh
idfw wkdw wkhuh lv vxfk d sduwlwlrqlqj dqg rxu h{dpsohv duh rqo| phdqw wr eh h{dpsohv1
:Vhh Iohxuedh| +4<<;, iru d jhqhudo ryhuylhz1
:Lw lv reylrxv wkdw phfkdqlvp +519, lqghhg vdwlvhv erwk uhtxluhphqwv1 Pruh0
ryhu/ lw fdq eh ghulyhg iurp wkh pruh jhqhudo uhvxowv lq Iohxuedh| +4<<8, wkdw
dgglqj d udwkhu zhdn frqvlvwhqf| dvvxpswlrq wr QLUV dqg QLFL lv vx!flhqw
wr fkdudfwhulvh wkh phfkdqlvp1 Wr lqwhusuhw +519, lw lv xvhixo wr ghqh vr0fdoohg











Glhuhqfhv lq h{shqglwxuhv iroorzlqj iurp glhuhqfhv lq wkh @￿0yduldeohv duh ixoo|
wdnhq lqwr dffrxqw lq wkh ghqlwlrq ri wkh qrupdwlyh h{shqglwxuhv1 Iru wkh @-0
yduldeohv/ krzhyhu/ rqo| wkh dyhudjh ydoxh lv xvhg dv d qrupdwlyh uhihuhqfh srlqw;1
Xvlqj +51:, wkh qdwxudo phfkdqlvp fdq dovr eh zulwwhq dv





















Dowkrxjk wkh qdwxudo phfkdqlvp +519, pd| orrn udwkhu frqyroxwhg/ wklv rqo|
iroorzv iurp wkh lpsrvlwlrq ri d exgjhw frqvwudlqw1 Dv +51;, vkrzv/ li / '
S
& %&/
l1h1 li wkh wrwdo vxevlg| lv mxvw vx!flhqw wr fryhu wrwdo phglfdo h{shqglwxuhv ri doo
khdowk sodqv/ wkhq wkh qdwxudo phfkdqlvp erlov grzq wr wkh vlpsoh uxoh
;c /￿ ' ￿ +51<,
Wklv lv wkh dssurdfk zklfk lv riwhq dgrswhg lq sudfwlfh1 Wr vlpsoli| wkh h{srvlwlrq/
zh zloo odwhu rq qhjohfw wkh suhvhqfh ri d elqglqj exgjhw frqvwudlqw lq rxu hpslulfdo
looxvwudwlrqv/ l1h1 zh zloo zrun zlwk +51<,1 Krzhyhu/ lw lv lpsruwdqw wr hpskdvl}h
wkdw sursrvlwlrq 4 vkrzv wkdw wkhuh lv rqo| rqh fruuhfw zd| ri dgdswlqj +51<, lq
wkh vlwxdwlrq ri d elqglqj exgjhw frqvwudlqw0 dqg wklv lv wkh phwkrg ghvfulehg lq
+519,1
Zkloh sursrvlwlrq 4 lv dq lqwhuhvwlqj uhvxow lq wkh vshflf frqwh{w ri ulvn dg0
mxvwphqw/ wkh vrfldo fkrlfh olwhudwxuh kdv vshqw pxfk pruh dwwhqwlrq rq
Sursrvlwlrq 5151 +Ervvhuw/ 4<<8/ Iohxuedh|/ 4<<7/4<<8, Li wkh phglfdo h{shqgl0
wxuh ixqfwlrq sE lv qrw dgglwlyho| vhsdudeoh lq wkh yduldeohv @￿ dqg @-/w k h qq r
ulvn dgmxvwphqw vfkhph fdq vdwlvi| erwk QLUV dqg QLFL +li ? N e,1
Wkh lpsolfdwlrqv ri wklv uhvxow duh yhu| vwurqj1 Li wkh fhqwudo ixqg grhv qrw
zdqw wr ghsduw iurp krul}rqwdo qhxwudolw| +dv ghqhg lq QLFL, lw zloo eh lpsrvvleoh
;Wkh frqfhsw ri ￿qrupdwlyh h{shqglwxuhv￿ jlyhv d frqfuhwh frqwhqw zlwklq rxu vhwwlqj wr wkh
qrwlrq ri ￿dffhswdeoh frvwv￿ lq wkh whuplqrorj| ri ydq gh Yhq dqg Hoolv +4<<<,1
;wr vdwlvi| QLUV1 Wklv frqfoxvlrq lv qrw ghshqghqw rq wkh dydlodelolw| ri lqirupd0
wlrq ru rq wkh lpshuihfw nqrzohgjh derxw wkh phglfdo h{shqglwxuh ixqfwlrq +514,=
lw edvlfdoo| iroorzv iurp wkh idfw wkdw QLFL lpsrvhv vwurqj uhvwulfwlrqv rq wkh
fkrlfh ri wkh yhfwru ri lqvwuxphqwv E/￿cc/?1 Li wkh fhqwudo ixqg lv zloolqj wr
jlyh xs krul}rqwdo qhxwudolw|/ lw frxog rsw iru wkh vr0fdoohg hjdolwduldq0htxlydohqw

































zkhuh h @￿ lv d iuhho| fkrvhq ehqfkpdun yhfwru1 Wklv h{suhvvlrq fdq eh vlpsolhg
e| eulqjlqj wrjhwkhu doo lqglylgxdo0lqghshqghqw hohphqwv lq d frqvwdqw V=
/
..








zklfk vkrzv lpphgldwho| wkdw Z￿ grhv qrw ghshqg rq wkh ohyho ri wkh ohjlwlpdwh
ulvn dgmxvwhuv @￿
￿ dqg wkdw lq wklv vhqvh doo lqfhqwlyhv iru ulvn vhohfwlrq kdyh ehhq
uhpryhg1
Krzhyhu/ zh gr qrw kdyh wkh lpsuhvvlrq wkdw d v|vwhp lq zklfk khdowk sodqv
jhw glhuhqw fdslwdwlrqv iru lqglylgxdov zlwklq wkh vdph +dffhswdeoh, ulvn fdwhjru|
zloo ehfrph srolwlfdoo| ihdvleoh lq wkh vkruw uxq1 Wkhuhiruh/ lq uhdolw| wkh fhqwudo
ixqg zloo kdyh wr frqwhqw lwvhoi zlwk d ulvn dgmxvwphqw vfkhph zklfk grhv qrw wdnh
dzd| doo lqfhqwlyhv iru ulvn vhohfwlrq1 Khuh dovr/ Ervvhuw dqg Iohxuedh| +4<<9,























zkhuh  @- lv djdlq d iuhho| fkrvhq ehqfkpdun yhfwru1 Wr xqghuvwdqg +5145, lw lv
xvhixo wr zulwh lw dv
/
￿.




zkhuh b lv d frqvwdqw dprxqw/ wkh vdph iru doo lqglylgxdov  dqg lqwurgxfhg
wr vdwlvi| wkh exgjhw frqvwudlqw1 Li / '
S
& %&/ wkhq zh vhh lpphgldwho| wkdw





& c @-1 H{suhvvlrqv +5146, dqg +515, lpso|
Z
￿.
￿ ' b n sE@
￿
￿ c @
-  %￿ +5147,
H{suhvvlrq +5146, vkrzv wkdw wkh frqglwlrqdoo| hjdolwduldq phfkdqlvp +5145,
lqghhg vdwlvhv krul}rqwdo qhxwudolw|1 Dw wkh vdph wlph/ +5147, lqglfdwhv wkdw lw
<grhv qrw vdwlvi| QLUV/v l q f hZ￿ zloo lq jhqhudo ghshqg rq @￿
￿ 1 Krzhyhu/ +5145,
vdwlvhv d zhdnhu d{lrp</ zklfk fdq eh ghvfulehg dv iroorzv
D{lrp 61 +QLUVUHI, Iru dq| wzr lqglylgxdov  dqg  zlwk @-
￿ ' @-
￿ ' @-cZ ￿ '
Z￿1
Zh zloo dqdo|vh lq vhfwlrqv 8 dqg 9 vrph ri wkh lpsolfdwlrqv ri sursrvlwlrq 5
lq wkh frqwh{w ri ulvn dgmxvwphqw1
61 Rxu uhdo0zruog edfnjurxqg= Ehojlxp43
Wr dqdo|vh wkh hpslulfdo lpsolfdwlrqv ri wkh dssurdfk vnhwfkhg lq wkh suhylrxv
vhfwlrq/ zh zloo pdnh xvh ri Ehojldq gdwd1 Khdowk lqvxudqfh lq Ehojlxp lv frp0
sxovru| dqg fhqwudolvhg1 Wkh lqvxudqfh fryhu lq wkh frpsxovru| v|vwhp lv yhu|
eurdg1 Doo lqvxuhg sd| dq lqfrph0uhodwhg suhplxp wr d fhqwudo ixqg1 Wkh vxp
ri doo wkhvh frqwulexwlrqv lv vxssohphqwhg e| d vxevlg| iurp wkh fhqwudo jryhuq0
phqw/ qdqfhg rxw ri jhqhudo wd{ uhyhqxh1 Wkh pdqdjhphqw dqg dgplqlvwudwlrq
ri khdowk lqvxudqfh lv ohiw wr derxw rqh kxqguhg orfdo vlfnqhvv ixqgv/ zklfk duh
jurxshg lqwr yh qdwlrqdo dvvrfldwlrqv ri sulydwh vlfnqhvv ixqgv dqg rqh +uhvlgxdo,
sxeolf ixqg441 Wkhvh klvwrulfdoo| ghyhorshg dorqj srolwlfdo dqg uholjlrxv olqhv= wkh
vrfldolvw dqg wkh fkulvwldq pxwxdolwlhv duh grplqdwlqj1 Wkh fhqwudo ixqg glvwule0
xwhv wkh qdqfldo uhvrxufhv ryhu wkh vlfnqhvv ixqgv1 Wkh pdunhw iru frpsxovru|
khdowk lqvxudqfh lv forvhg iru qhz hqwudqwv1 Lq hdfk uhjlrq wkhuh duh wkhuhiruh
dw prvw vl{ frpshwlqj khdowk sodqv1 Wkh lqvxuhg fdq fkrrvh wkhlu rzq vlfnqhvv
ixqg dqg fdq fkdqjh vlfnqhvv ixqg hyhu| wkuhh prqwkv1 Wkh| sd| d vpdoo  dw
udwh suhplxp wr wkh vlfnqhvv ixqg ri wkhlu fkrlfh1 Wklv suhplxp fdq eh glhuhqw
iru glhuhqw vlfnqhvv ixqgv exw pxvw eh frppxqlw| udwhg zlwklq d vlfnqhvv ixqg1
Vlfnqhvv ixqgv kdyh wr hquroo doo lqwhuhvwhg phpehuv1 Wkh| fdq frpshwh iru qhz
phpehuv e| rhulqj vxssohphqwdu| lqvxudqfh dqg e| wkh txdolw| ri wkhlu vhuylfhv
+lqfoxglqj wkh vshhg ri vhwwolqj fodlpv,1 Lq wkh frpsxovru| vfkhph/ vhohfwlyh frq0
wudfwlqj zlwk surylghuv lv qrw doorzhg1 Wkh vlfnqhvv ixqgv qhjrwldwh dv d fduwho
zlwk wkh surylghuv wr { wkh r!fldo ihh vfkhgxoh1 Krzhyhu/ wkh| kdyh pruh lq0
glylgxdo iuhhgrp lq wkh vxssohphqwdu| lqvxudqfh pdunhw1 Lw lv zhoo nqrzq wkdw
wklv rhuv dpsoh vfrsh iru ulvn vhohfwlrq/ hyhq zkhq wkhuh lv irufhg hquroophqw dqg
<Vhh Ervvhuw dqg Iohxuedh| +4<<9, iru d frpsohwh fkdudfwhulvdwlrq ri erwk wkh hjdolwduldq0
htxlydohqw dqg wkh frqglwlrqdo0hjdolwduldq phfkdqlvpv1
43D pruh ghwdlohg ghvfulswlrq ri wkh Ehojldq v|vwhp ri khdowk lqvxudqfh dqg ulvn dgmxvwphqw
lv jlyhq lq Vfkrnndhuw dqg Ydq gh Yrrugh +4<<<,1
44Lq dgglwlrq wkhuh lv d vshfl￿f vlfnqhvv ixqg iru wkh hpsor|hhv +dqg shqvlrqhuv, ri wkh Qdwlrqdo
Udlozd| Frusrudwlrq1
43vrph r!fldo txdolw| frqwuro +ydq gh Yhq dqg Ydq Yolhw/ 4<<5/ dqg iru d wkhruhw0
lfdo dqdo|vlv Nlipdqq/ 4<<<,1 Flwl}hqv fdq iuhho| fkrrvh wkhlu grfwruv/ zklfk duh
uhpxqhudwhg wkurxjk d ihh0iru0vhuylfh v|vwhp1 Derxw 58( ri wkh h{shqglwxuhv duh
fryhuhg wkurxjk wkh rzq sd|phqwv ri wkh sdwlhqwv/ wkh uhpdlqghu lv uhlpexuvhg
e| wkh lqvxuhuv1
Ehiruh 4<<8 wkh vlfnqhvv ixqgv jrw edvlfdoo| doo wkhlu h{shqglwxuhv uhlpexuvhg
e| wkh fhqwudo ixqg1 Vlqfh 4<<8 wkhuh lv d judgxdo vkliw wrzdugv d v|vwhp ri
survshfwlyh ulvn0dgmxvwhg fdslwdwlrqv1 Hdfk |hdu wkh jryhuqphqw {hv h{ dqwh
dq ryhudoo exgjhw= wklv lv wkh Ehojldq htxlydohqw ri / lq wkh suhylrxv vhfwlrq1
Qrupdwlyh h{shqglwxuhv duh ghulyhg iurp d uhjuhvvlrq dqdo|vlv zlwk djjuhjdwh
+shu fdslwd, gdwd dw wkh ohyho ri wkh orfdo vlfnqhvv ixqgv1 Vlqfh wkh uhjuhvvlrq
htxdwlrq lv d vlpsoh olqhdu vshflfdwlrq/ wkh dgglwlyh vhsdudelolw|0dvvxpswlrq lv
vdwlvhg dqg wkh uxoh iurp sursrvlwlrq 4 fdq eh dssolhg1 Ehfdxvh wkhuh lv qr
d sulrul uhdvrq zk| rqh zrxog kdyh / '
S
￿ %￿/ wkh ulvn0dgmxvwhg fdslwdwlrqv
duh frpsxwhg zlwk +519, ru +51;,1 Zkloh phglfdo vxsso| +surylghu ghqvlw|, lv
d vljqlfdqw yduldeoh lq wkh hvwlpdwhg uhjuhvvlrqv/ lw zdv ghflghg e| wkh srolf|
pdnhuv dqg e| wkh fhqwudo ixqg wr wuhdw lw dv dq @-0yduldeoh1 Wkh hhfw ri phglfdo
vxsso| lv wkhuhiruh dyhudjhg rxw wr fdofxodwh ￿ dv lq +51:,1 Zh zloo uhwxuq wr wklv
fkrlfh lq wkh iroorzlqj vhfwlrq1
Lw lv zhoo nqrzq wkdw wkh xvh ri djjuhjdwh gdwd grhv qrw jlyh vx!flhqw lqirupd0
wlrq wr uhpryh doo wkh lqfhqwlyhv iru ulvn vhohfwlrq lq d frpshwlwlyh hqylurqphqw451
Pruhryhu/ wkh Ehojldq jryhuqphqw zdqwhg wr eh fdxwlrxv lq lqwurgxflqj d uhirup
zklfk zdv shufhlyhg dv d uhdo euhdn zlwk wkh klvwrulfdo wudglwlrq1 Wkhuhiruh lw
lpsohphqwhg d ulvn0vkdulqj v|vwhp lq zklfk wkh vxevlg| uhfhlyhg e| wkh vlfnqhvv
ixqgv 7￿ grhv qrw htxdo /￿ exw lv ghwhuplqhg sduwo| e| dfwxdo h{shqglwxuhv1 Lq
dgglwlrq/ wkh lqglylgxdo vlfnqhvv ixqgv duh rqo| uhvsrqvleoh iru d iudfwlrq ri wkh
glhuhqfh ehwzhhq wkhlu dfwxdo h{shqglwxuhv dqg wkhlu vxevlglhv= wkh uhpdlqghu lv
fryhuhg e| d phfkdqlvp ri uhglvwulexwlrq ehwzhhq wkh vlfnqhvv ixqgv461H y h qz l w k
doo wkhvh vdihw| phdvxuhv/ wkhuh lv vwloo d uhdo gdqjhu ri ulvn vhohfwlrq1 Pruhryhu/
wkh zhljkw ri wkh survshfwlyh fdslwdwlrqv lq wkh vxevlg| vfkhph dqg wkh ghjuhh ri
lqglylgxdo qdqfldo uhvsrqvlelolw| duh sodqqhg wr lqfuhdvh ryhu wlph +Vfkrnndhuw
dqg Ydq gh Yrrugh/ 4<<<,1 Lw lv wkhuhiruh lpsruwdqw wr wklqn derxw wkh uhqhphqw
45Qrwh wkh gl￿huhqfh ehwzhhq wkh Hqjolvk dqg wkh Ehojldq v|vwhp1 Lq erwk wkh ulvn dgmxvwphqw
irupxod lv edvhg rq djjuhjdwh gdwd1 Krzhyhu/ lq Hqjodqg wkh vfkhph lv xvhg wr glvwulexwh wkh
￿qdqfldo phdqv ryhu gl￿huhqw uhjlrqdo dxwkrulwlhv1 Dv wkhuh lv qr uhdo gdqjhu ri ulvn vhohfwlrq/
wkh remhfwlyh ri ryhudoo idluqhvv lv grplqdwlqj1 Rq wkh frqwudu|/ lq Ehojlxp khdowk sodqv duh
rshudwlqj lq d pruh ru ohvv frpshwlwlyh hqylurqphqw dqg wkhuh lv d wkuhdw ri ulvn vhohfwlrq1 Wkh
xvh ri djjuhjdwh gdwd lv pxfk ohvv vdwlvidfwru| lq wkh odwwhu wkdq lq wkh iruphu vlwxdwlrq1
46Lq 4<<< qrupdwlyh h{shqglwxuhv kdg d zhljkw ri 3153 lq wkh ghwhuplqdwlrq ri wkh vxevlg|
uhfhlyhg e| wkh vlfnqhvv ixqgv1 Wkhvh ixqgv zhuh uhvsrqvleoh iru 53( ri wkh gl￿huhqfh ehwzhhq
wkhlu dfwxdo h{shqglwxuhv dqg wkh vxevlg|1
44ri wkh ulvn dgmxvwphqw irupxod xvlqj lqglylgxdo gdwd1
Wr wklv hqg d odujh gdwdedqn zlwk lqglylgxdo lqirupdwlrq kdv ehhq vhw xs e|
wkh vlfnqhvv ixqgv xqghu wkh vxshuylvlrq ri wkh fhqwudo ixqg1 Wklv gdwdedqn frq0
wdlqv iru d uhsuhvhqwdwlyh vdpsoh ri lqglylgxdov iurp doo wkh vlfnqhvv ixqgv +d, wkh
phglfdo h{shqglwxuhv lq 4<<8/ dv uhlpexuvhg e| wkh vlfnqhvv ixqgv dqg wkhuhiruh
qrw lqfoxglqj wkh rzq sd|phqwv ri wkh sdwlhqwv47> +e, doo lqglylgxdo lqirupdwlrq
rq vrfldo dqg hfrqrplf fkdudfwhulvwlfv zklfk lv dydlodeoh iurp wkh vlfnqhvv ixqgv
dqg wkh fhqwudo ixqg> +f, dgglwlrqdo lqirupdwlrq rq uhjlrqdo yduldeohv +vxfk dv
srsxodwlrq ghqvlw| dqg wkh qxpehu ri phglfdo surylghuv,1 Lq wkh ixwxuh/ wkh
gdwdedqn zloo eh frpsohphqwhg zlwk gldjqrvwlf lqirupdwlrq/ exw wklv lv qrw |hw
dydlodeoh dw wklv vwdjh1 Pruhryhu/ lq wkh ixwxuh d sdqho zloo eh frqvwuxfwhg iru wkh
shulrg 4<<804<<<1 Krzhyhu/ hyhq zlwkrxw wklv pruelglw| lqirupdwlrq dqg zlwk
rqo| rqh furvv0vhfwlrq dydlodeoh/ wkh pdwhuldo lv ulfk hqrxjk wr rhu wkh rssru0
wxqlw| ri lpsurylqj frqvlghudeo| xsrq wkh suhydlolqj vfkhph1 Dw wklv vwdjh/ wkh
gdwd iru 4<<8 kdyh ehhq frqwuroohg dqg +surylvlrqdoo|, ghhphg vx!flhqwo| uholdeoh
iru irxu pxwxdolwlhv1 Vlqfh lw lv lpsrvvleoh wr iroorz wkh lghqwlw| ri wkh lqglylgxdov
zkhq wkh| pryh iurp rqh vlfnqhvv ixqg wr dqrwkhu/ zh zloo rqo| xvh wkh gdwd iru
doo lqglylgxdov zkr kdyh uhpdlqhg zlwk wkh vdph vlfnqhvv ixqg iru wkh zkroh |hdu
4<<81 Wkrvh zkr duh eruq lq 4<<8 ru glhg lq wkdw vdph |hdu zhuh dovr lqfoxghg1
Vlqfh wkh qxpehu ri pryhv lv udwkhu olplwhg dqg 0lq wkh suhvhqw vlwxdwlrq0 qrw
uhodwhg wr wkh pruelglw| ru wkh h{shqglwxuhv ri wkh lqvxuhg/ wklv grhv qrw eldv rxu
vdpsoh1 Wkh hvwlpdwhv lq wkh iroorzlqj vhfwlrqv duh edvhg rq d uhvxowlqj vdpsoh ri
654/444 lqglylgxdov/ zklfk lv uhsuhvhqwdwlyh iru wkh zkroh Ehojldq srsxodwlrq +lq0
foxglqj doo djh jurxsv lq erwk wkh dfwlyh srsxodwlrq dqg wkh shqvlrqhuv/ dqg dovr
wkh glvdeohg,481 Shu fdslwd +uhlpexuvhg, khdowk h{shqglwxuhv +zlwkrxw phglflqhv,
dprxqw wr 6;/5<< Ehojldq iudqfv/ l1h1 <7< Hxur1
71 Frqyhqwlrqdo ulvn dgmxvwphqw zlwk d olqhdu prgho
Lq wklv vhfwlrq zh zloo uvw glvfxvv zkdw fdq eh fdoohg wkh vwdqgdug surfhgxuh
lq wkh frqyhqwlrqdo ulvn dgmxvwphqw olwhudwxuh491 Wklv surfhgxuh kdv wkh iroorzlqj
47H{shqglwxuhv iru phglflqhv fdq qrw eh doorfdwhg e| wkh vlfnqhvv ixqgv wr wkhlu lqglylgxdo
phpehuv/ vlqfh wkh| duh sdlg zlwklq d wklug0sd|hu duudqjhphqw1 Wkh| duh wkhuhiruh qrw lqfoxghg
lq rxu frqfhsw ri phglfdo h{shqglwxuhv1
48Wkh vhoi0hpsor|hg duh qrw lqfoxghg lq wkh vdpsoh/ vlqfh wkh| kdyh lq Ehojlxp d vhsdudwh
dqg gl￿huhqw khdowk lqvxudqfh v|vwhp/ lq zklfk wkh frpsxovru| vfkhph fryhuv rqo| wkh vr0fdoohg
odujh ulvnv1
49Zh duh ixoo| dzduh wkdw wklv lv dq h{wuhpho| gdqjhurxv vwdwhphqw1 Wkhuh duh yhu| suredeo|
h{dpsohv lq wkh olwhudwxuh zklfk gr qrw iroorz wkh vnhwfkhg surfhgxuh1 Krzhyhu/ rxu mxgjphqw
iroorzv ydq gh Yhq dqg Hoolv +4<<<,0 dowkrxjk wkh| duh pruh lq v|psdwk| zlwk wkh wudglwlrqdo
dssurdfk wkdq zh duh1
45fkdudfwhulvwlfv=
+d, Rqh zrunv zlwk d vlpsoh olqhdu prgho1 Wkhuh duh jrrg uhdvrqv iru wklv
fkrlfh1 Lq wkh uvw sodfh/ zlwk yhu| odujh vdpsohv wkh urexvwqhvv ri ROV uh0
juhvvlrq lv dq dwwudfwlyh surshuw|1 Pruh frpsolfdwhg ixqfwlrqdo irupv 0vxfk dv
wzr0sduw prghov zlwk d orjdulwkplf vshflfdwlrq iru wkh vhfrqg sduw0 riwhq udlvh
gl!fxow vwdwlvwlfdo sureohpv ri uhwudqvirupdwlrq/ fhuwdlqo| zkhq wkh huuru whup
lv khwhurvnhgdvwlf +Pxoodk|/ 4<<;,1 Lq wkh vhfrqg sodfh/ wkh qdo sxusrvh ri wkh
hvwlpdwlrq h{huflvh lv wr ghulyh dq xqghuvwdqgdeoh dqg  h{leoh ulvn dgmxvwphqw
irupxod/ zklfk fdq eh lqwhusuhwhg fruuhfwo| dqg xvhg e| srolf| pdnhuv1 Wkh vlp0
soh olqhdu prgho vwd|v forvho| wr wkh fhoo0edvhg dssurdfk/ zklfk lv xvhg vr riwhq lq
sudfwlfh1 Zh zloo uhwxuq wr wkh fkrlfh ri ixqfwlrqdo irup lq wkh iroorzlqj vhfwlrq1
+e, Wkh dqdo|vw wdnhv dq h{solflw ghflvlrq derxw zkdw ulvn dgmxvwhuv duh df0
fhswdeoh dqg lqfoxghv wkhvh yduldeohv lq wkh htxdwlrq wr eh hvwlpdwhg1 Rwkhu
yduldeohv duh rplwwhg1 Wklv lv qrw dozd|v gxh wr gdwd frqvlghudwlrqv1 Wr jlyh exw
rqh h{dpsoh= lq wkh sdwkeuhdnlqj zrun rq gldjqrvwlf frvw jurxsv +Hoolv hw do1/
4<<9> Odphuv/ 4<<;, lw lv txlwh h{solflwo| vwdwhg wkdw vrph gldjqrvwlf jurxsv duh
h{oxghg iurp wkh hvwlpdwlrqv ehfdxvh ri wkh frqfhuq iru glvfuhwlrqdu| dgplvvlrq
dqg iru fuhdwlqj lqdssursuldwh lqfhqwlyhv1 Wklv edvlfdoo| lpsolhv wkdw qrupdwlyh
frqvlghudwlrqv lq xhqfh wkh vshflfdwlrq ri wkh ixqfwlrqdo irup wr eh hvwlpdwhg1
Zh zloo dqdo|vh wkh lpsolfdwlrqv ri wklv surfhgxuh lq vhfwlrq 7141
+f, Lq jrlqj iurp wkh hvwlpdwhg htxdwlrq wr wkh fdslwdwlrq irupxod wkh glvwxu0
edqfhv duh vlpso| qhjohfwhg1 Wklv fkrlfh lv glvfxvvhg lq vhfwlrq 7151
7141 Zkdw yduldeohv wr lqfoxghB
Rswlqj iru d olqhdu vshflfdwlrq/ zh fdq zulwh +516, dv iroorzv






￿ n ￿ +714,
zkhuh zh pdnh dq h{solflw glvwlqfwlrq ehwzhhq wkh yhfwruv ri ohjlwlpdwh dqg
loohjlwlpdwh ulvn dgmxvwhuv @￿
￿ dqg @-
￿ uhvshfwlyho| dqg zkhuh zh qrz lqwurgxfh
d vwrfkdvwlf huuru whup ￿1 Lq +714, wkh sdudphwhuv wr eh hvwlpdwhg duh jlyhq e|
dkfckcqo1 Wkh vwdqgdug surfhgxuh krzhyhu frqvlvwv ri hvwlpdwlqj +714,/ exw zlwk
wkh @-0yduldeohv rplwwhg1 Li +714, lv wkh wuxh prgho/ wklv pd| ohdg wr dq rplwwhg
yduldeohv0eldv1 Duh wkhuh dq| jrrg uhdvrqv iru wklv rplvvlrqB
Dq h{solflw glvfxvvlrq ri wkh sureohp fdq eh irxqg lq wkh zrun ri wkh \run0
jurxs rq wkh Hqjolvk fdslwdwlrq vfkhph iru uhjlrqdo dxwkrulwlhv +Fduu0Kloo hw do1/
4<<7,1 Wkh| hvwlpdwh wkh h{shqglwxuh htxdwlrq zlwk djjuhjdwh gdwd dw d uhjlrqdo
ohyho1 Wkh uhohydqw @-0yduldeoh lv phglfdo vxsso| dqg lv gholehudwho| rplwwhg
iurp wkh qdo hvwlpdwhg htxdwlrq1 Wkh dujxphqwdwlrq wr gr vr uhvwv rq wkh sure0
ohp ri vlpxowdqhlw| eldv1 Phglfdo vxsso| lv sduwo| hqgrjhqrxv/ l1h1 ghshqghqw
46rq wkh uhjlrqdo glhuhqwldwlrq lq pruelglw| dqg/ khqfh/ phglfdo h{shqglwxuhv1
Lqfoxglqj phglfdo vxsso| lq wkh hvwlpdwhg htxdwlrq zrxog wkhq ohdg wr dq xqghu0
hvwlpdwlrq ri wkh wrwdo hhfwv ri wkh pruelglw|0yduldeohv/ ehfdxvh wkh lqgluhfw olqn
yld phglfdo vxsso| lv qhjohfwhg1 Wkh surfhgxuh ri hvwlpdwlqj +714, zlwk phglfdo
vxsso| h{foxghg fdq eh lqwhusuhwhg dv d gluhfw hvwlpdwlrq ri wkh uhgxfhg irup/
zklfk lv zkdw uhdoo| pdwwhuv iru wkh fruuhfw fdofxodwlrq ri wkh fdslwdwlrqv1 Dq
dowhuqdwlyh dssurdfk zlwk djjuhjdwh gdwd dw d uhjlrqdo ohyho lv iroorzhg lq Eho0
jlxp +Vfkrnndhuw hw do1/ 4<<;/ Vfkrnndhuw dqg Ydq gh Yrrugh/ 4<<<,1 Lq wklv
dssurdfk/ +714, lv hvwlpdwhg zlwk phglfdo vxsso| lqfoxghg dqg wkh fdslwdwlrqv duh
wkhq frpsxwhg zlwk irupxod +519,1 Wklv Ehojldq surfhgxuh xqghusod|v wkh vlpxo0
wdqhlw| sureohp dqg udwkhu irfxvhv rq wkh rplwwhg yduldeoh0eldv zklfk uhvxowv li
rqh ohdyhv rxw phglfdo vxsso| iurp wkh wuxh prgho +714,1 Zlwk djjuhjdwh gdwd/
d zd| rxw ri wklv glohppd fdq suredeo| rqo| eh irxqg lq wkh hvwlpdwlrq ri d
frpsohwh pxowl0htxdwlrq vwuxfwxudo prgho/ lq zklfk rqh wkhq zloo kdyh wr lqglfdwh
h{solflwo| zkdw duh ohjlwlpdwh dqg loohjlwlpdwh frpsrqhqwv ri wkh phglfdo
vxsso| hhfw1
Dv vrrq dv rqh vwduwv zrunlqj zlwk lqglylgxdo gdwd/ krzhyhu/ wkh dujxphqw ri
vlpxowdqhlw| eldv orvhv pxfk ri lwv irufh dqg rqo| wkh srwhqwldo rplwwhg yduldeohv0
sureohp uhpdlqv1 Zh wkhq gr qrw vhh dq| jrrg wkhruhwlfdo uhdvrq iru wkh vwdqgdug
surfhgxuh ri rplwwlqj wkh @-0yduldeohv iurp wkh hvwlpdwhg htxdwlrq1 Dv zh kdyh
vkrzq lq vhfwlrq 5/ wkh ohjlwlpdwh frqfhuq qrw wr fuhdwh lqdssursuldwh lqfhqwlyhv
fdq eh shuihfwo| phw e| xvlqj +51:, wr frpsxwh wkh fdslwdwlrq sd|phqwv1 Ri
frxuvh/ lw lv srvvleoh wkdw wkh rplwwhg yduldeohv0eldv lv qrw d vhulrxv sureohp/
ehfdxvh wkh fruuhodwlrq ehwzhhq wkh @￿0yduldeohv dqg wkh h{foxghg @-0yduldeohv
lv qhjoljleoh1 Exw wklv zloo ghshqg rq wkh gdwdvhw dqdo|vhg dqg fdq kdugo| eh d
jhqhudo dujxphqw iru xvh ri wkh vwdqgdug surfhgxuh1
Wdeoh 41 Hvwlpdwlrq uhvxowv
Wkh sureohp lv looxvwudwhg iru rxu hpslulfdo gdwd lq wkh uvw wzr froxpqv ri
Wdeoh 41 Wkh uvw froxpq vkrzv wkh hvwlpdwlrq uhvxowv ri zkdw frxog eh vhhq dv dq
h{dpsoh ri wkh vwdqgdug surfhgxuh4:1 Wkh ohjlwlpdwh ulvn dgmxvwhuv lqfoxghg duh
d vhulhv ri djh0jhqghu gxpplhv4;/ dgglwlrqdo gxpplhv iru ghdwkv/ iru wkh glvdeohg
+iru pruh dqg ohvv wkdq 4 |hdu, dqg iru wkh lqglylgxdov zlwk d suhihuhqwldo wuhdw0
phqw4</ dqg d qxpehu ri hqylurqphqwdo yduldeohv= krxvlqj txdolw| +dq lqglfdwru
4:Wkh vwdqgdug huuruv duh pdgh khwhurvnhgdvwlflw|0frqvlvwhqw zlwk wkh Zklwh0fruuhfwlrq1
4;Wkh uhihuhqfh fdwhjru| lv d pdq ehwzhhq 58 dqg 63 |hduv rog1
4<Rxu vdpsoh frqwdlqv d jurxs ri lqglylgxdov +orz0lqfrph shqvlrqhuv/ glvdeohg/ zlgrzhuv/
zlgrzv dqg ruskdqv, zlwk d vr0fdoohg ￿suhihuhqwldo wuhdwphqw￿1 Wkhlu fr0sd|phqwv duh orzhu1
47ri xqidyrxudeoh vrflrhfrqrplf flufxpvwdqfhv, dqg krxvlqj ghqvlw| +dq lqglfdwru
ri xuedqlvdwlrq,1 Wkh qrq0gxpp| yduldeohv duh fdofxodwhg dv ghyldwlrqv iurp wkh
phdq1 Doo wkhvh yduldeohv jhw wkh h{shfwhg vljqv dqg duh vljqlfdqw1 Wkh -2 lv
uhodwlyho| kljk/ zklfk fdq eh h{sodlqhg e| wkh idfw wkdw zh zrun zlwk d vdpsoh ri
wkh zkroh srsxodwlrq/ lqfoxglqj fkloguhq dqg shqvlrqhuv1 Wkh yduldqfh lq phglfdo
h{shqglwxuhv lv odujh exw dw wkh vdph wlph d odujh sduw ri wklv yduldqfh fdq eh
h{sodlqhg e| ghprjudsklf yduldeohv +vhh dovr ydq gh Yhq dqg Hoolv/ 4<<<,1 Wklv
uhdvrqdeo| zhoo hvwlpdwhg htxdwlrq ohdgv wr wkh qrupdwlyh h{shqglwxuhv iru vrph
w|slfdo lqglylgxdov lq wkh uvw froxpq ri Wdeoh 51 Iru wkh frpsxwdwlrqv lq Wdeoh
5 doo wkh yduldeohv zklfk gr qrw dsshdu h{solflwo| lq wkh ghvfulswlrq ri wkh w|shv
duh sxw dw wkh ydoxh ri wkhlu vdpsoh phdq1
Krzhyhu/ rxu gdwdvhw dovr frqwdlqv vrph lqirupdwlrq rq yduldeohv zklfk lq x0
hqfh phglfdo h{shqglwxuhv exw frxog eh lqwhusuhwhg dv loohjlwlpdwh ulvn dgmxvwhuv1
D uvw h{dpsoh lv wkh yduldeoh phglfdo vxsso|/ zklfk zdv douhdg| lqwurgxfhg
lq wkh glvfxvvlrq derxw wkh \run0surfhgxuh dqg sod|v dq lpsruwdqw uroh lq wkh
Ehojldq srolwlfdo ghedwh1 D vhfrqg h{dpsoh lv wkh yduldeoh or|dow| wr d jhqhudo
sudfwlwlrqhu/ zklfk zh fdofxodwh dv wkh +lqglylgxdo0vshflf, udwlr ri wkh qxp0
ehu ri frqvxowdwlrqv zlwk d suhihuuhg jhqhudo sudfwlwlrqhu ryhu wkh wrwdo qxpehu
ri frqvxowdwlrqv zlwk d jhqhudo sudfwlwlrqhu531 Lq wkh Ehojldq frqwh{w sdwlhqwv
duh iuhh wr frqvxow gluhfwo| d +pruh h{shqvlyh, vshfldolvw dqg pdq| dujxh wkdw
d vwuhqjkwkhqlqj ri wkh jdwhnhhshu0uroh ri wkh jhqhudo sudfwlwlrqhu frxog uhgxfh
phglfdo h{shqglwxuhv shu fdslwd1 Li wklv lv lqghhg wkh fdvh/ zh zrxog h{shfw
wr qg vpdoohu h{shqglwxuhv iru sdwlhqwv zkr duh pruh or|do wr wkhlu JS1 Vlqfh
lw vhhpv uhdvrqdeoh wkdw wkh fhqwudo ixqg zrxog olnh wr vwlpxodwh wklv ehkdylrxu
+dqg zrxog olnh wr jlyh wkh lqvxuhuv wkh dssursuldwh lqfhqwlyhv wr vwlpxodwh wklv
ehkdylrxu, wkh lqvxuhuv vkrxog eh doorzhg wr uhds wkh iuxlwv ri wkh odujhu or|dow|/
l1h1 wkh yduldeoh vkrxog qrw eh lqfoxghg lq wkh fdslwdwlrq irupxod1 Hvwlpdwlrq
uhvxowv iru wkh eurdghu prgho/ lqfoxglqj phglfdo vxsso| dqg JS0or|dow| duh vkrzq
lq wkh vhfrqg froxpq ri wdeoh 5541 Erwk yduldeohv kdyh d vljqlfdqw hhfw1
Wdeoh 51 Qrupdwlyh h{shqglwxuhv zlwk d frqyhqwlrqdo dqg d frpsohwh
prgho
Vlqfh rxu ghshqghqw yduldeoh uhsuhvhqwv uhlpexuvhphqwv/ lw zloo eh odujhu iru wklv jurxs hyhq li
wkhlu phglfdo frqvxpswlrq zhuh wkh vdph1 Li wkhuh lv lq dgglwlrq d prudo kd}dug h￿hfw/ wklv zloo
ixuwkhu lqfuhdvh wkh h￿hfw ri ￿suhihuhqwldo wuhdwphqw￿ lq rxu hvwlpdwlrqv1
53Iru wkrvh lqglylgxdov zkr glg qrw kdyh dq| frqvxowdwlrq zlwk d jhqhudo sudfwlwlrqhu lq 4<<8/
wkh h￿hfw ri wklv yduldeoh zdv qhxwudolvhg e| jlylqj wkhp wkh dyhudjh ydoxh lq wkh vdpsoh1
54Djdlq/ erwk yduldeohv duh gh￿qhg dv ghyldwlrqv iurp wkh phdq1
48Iru rxu glvfxvvlrq/ lw lv lqwhuhvwlqj wr orrn dw wkh hhfwv ri lqwurgxflqj wkh
@-0yduldeohv rq wkh hvwlpdwhv ri wkh rwkhu frh!flhqwv1 Lq jhqhudo/ wkhvh duh uhod0
wlyho| plqru/ lqglfdwlqj wkdw wkh rplwwhg yduldeohv eldv lq wkh uvw froxpq uhpdlqv
olplwhg1 Wkhuh duh vrph vhulrxv vkliwv lq wkh srlqw hvwlpdwhv ri roghu phq dqg
ri krxvlqj ghqvlw|/ krzhyhu1 Wkhuhiruh/ wkh qrupdwlyh h{shqglwxuhv vkrzq lq wkh
vhfrqg froxpq ri wdeoh 5 dovr vkrz vrph qrqqhjoljleoh glhuhqfhv1 Iru d pdoh
fklog +|rxqjhu wkdq yh, olylqj lq d ghqvho| srsxodwhg duhd ri orz krxvlqj txdolw|
+d vxexueB, wkh ryhuhvwlpdwlrq zlwk wkh frqyhqwlrqdo dssurdfk dprxqwv wr 7/65:
EHI +43: Hxur, ru 4;( ri wkh hvwlpdwh zlwk wkh frpsohwh prgho1 Iru dq rog pdq
+djhg ehwzhhq :8 dqg ;3, olylqj lq d vlplodu duhd wkh frqyhqwlrqdo prgho |lhogv
dq ryhuhvwlpdwh ri 6/4;6 EHI +:< Hxur/ ru 7( ri wkh fruuhfw dprxqw,1 Vlplodu
glhuhqfhv frxog eh vkrzq iru vrph rwkhu jurxsv/ dv vxjjhvwhg e| wkh frh!flhqwv
lq Wdeoh 41 Pruhryhu/ dv hpskdvl}hg ehiruh/ wkh qglqj ri uhodwlyho| plqru gli0
ihuhqfhv lv frqwlqjhqw rq wkh gdwd xvhg dqg frxog fkdqjh zlwk wkh lqfoxvlrq ri
rwkhu @-0yduldeohv1 Rqh fdq rqo| eh vxuh e| fkhfnlqj wkh fruuhodwlrq ehwzhhq wkh
ohjlwlpdwh dqg wkh loohjlwlpdwh ulvn dgmxvwhuv1
Ohw xv frqfoxgh1 Jlyhq wkh hdvh zlwk zklfk lw lv srvvleoh wr jr iurp d ixoo hv0
wlpdwhg htxdwlrq wr d fdslwdwlrq irupxod lqfoxglqj rqo| ohjlwlpdwh ulvn dgmxvwhuv/
wkhuh vhhpv wr eh qr uhdvrq dw doo qrw wr lqfoxgh doo dydlodeoh dqg srwhqwldoo|
uhohydqw h{sodqdwru| yduldeohv lq wkh htxdwlrqv wr eh hvwlpdwhg1 Vr grlqj/ rqh
fdq eh vxuh wr plqlpl}h wkh sureohp ri rplwwhg yduldeohv0eldv1 Pruhryhu/ iurp d
eurdghu vflhqwlf srlqw ri ylhz lw vhhpv hplqhqwo| vrxqg wr glvwlqjxlvk h{solflwo|
ehwzhhq wkh h{sodqdwru| h{huflvh rq wkh rqh kdqg dqg wkh qrupdwlyh ghflvlrqv
z1u1w1 wkh ghwhuplqdwlrq ri ohjlwlpdwh ulvn dgmxvwhuv rq wkh rwkhu kdqg1 Lq wkh
uvw vwhs rqh wklqnv dv d vrfldo vflhqwlvw wu|lqj wr jhw d ehwwhu lqvljkw lqwr re0
vhuyhg ehkdylrxu dqg lqfoxglqj doo wkhruhwlfdoo| uhohydqw h{sodqdwru| yduldeohv1
Lq wkh vhfrqg vwhs rqh wdnhv wkh srvlwlrq ri d srolf| pdnhu zkr zdqwv wr fuhdwh
dssursuldwh lqfhqwlyhv0 zkhuh dssursuldwh fdq rqo| eh ghqhg lq d phdqlqjixo
zd| rq wkh edvlv ri d zhoo0ghqhg hwklfdo iudphzrun1 Lq wkh vwdqgdug surfhgxuh
ri frqyhqwlrqdo ulvn dgmxvwphqw/ wkhvh wzr vhwv ri frqvlghudwlrqv jhw pl{hg1
Wklv vwdwhphqw dovr kdv lpphgldwh frqvhtxhqfhv iru d vlpsoh fhoo0edvhg ds0
surdfk= li wkh fhoov +dv xvxdo, duh ghqhg rqo| rq wkh edvlv ri wkh ohjlwlpdwh ulvn
dgmxvwhuv/ wkh uhvxowv duh htxlydohqw wr wkh rqhv rewdlqhg e| d olqhdu hvwlpdwlrq
ri +714, zlwk rqo| @￿0yduldeohv lqfoxghg1 Lq vr idu dv wkh fhoo phdqv uh hfw wkh
fruuhodwlrq ehwzhhq ohjlwlpdwh dqg loohjlwlpdwh ulvn dgmxvwhuv/ wkh| duh lpshuihfw
exloglqj eorfnv iru d fdslwdwlrq v|vwhp1
497151 Glvwxuedqfhv/ phdvxuhphqw huuru dqg ulvn vkdulqj
Wkh vwdqgdug surfhgxuh kdv dqrwkhu vshflf fkdudfwhulvwlf= lq jrlqj iurp wkh
hvwlpdwhg htxdwlrq +714, wr wkh ulvn0dgmxvwphqw irupxod wkh glvwxuedqfh whup
xvxdoo| lv vlpso| rplwwhg1 Dv +51:, vkrzv/ wklv fdq hdvlo| eh udwlrqdolvhg lq rxu
iudphzrun li rqh dffhswv wkdw ￿ uh hfwv rqo| wkh hhfw ri yduldeohv iru zklfk
wkh khdowk sodqv kdyh wr eh nhsw uhvsrqvleoh1 Exw wklv lv qrw dozd|v dq reylrxv
dvvxpswlrq wr pdnh/ vlqfh lw lpsolhv wkdw doo uhohydqw ohjlwlpdwh ulvn dgmxvwhuv duh
lqfoxghg lq wkh hvwlpdwhg htxdwlrq1 Wklv lv ghqlwho| qrw uhdolvwlf1 Lq jhqhudo/ wkh
ulvn dgmxvwhuv lqfoxghg zloo qrw shuihfwo| fdswxuh +ru vljqdo, wkh glhuhqfhv lq ulvn
w|shv lq wkh srsxodwlrq ri sdwlhqwv1
D uvw +dqg reylrxv, dssurdfk wr wklv sureohp zlwklq wkh frqwh{w ri wkh hpslu0
lfdo hvwlpdwlrqv lv wr vhh lw dv dq h{dpsoh ri phdvxuhphqw huuru1 Wklv lqwhusuhwd0
wlrq vxjjhvwv lpphgldwho| wkdw wkh frh!flhqwv lq wdeoh 4 jlyh d grzqzdug eldvhg
hvwlpdwh ri wkh wuxh lqglfdwruv ri ulvn w|sh1 Wklv fdq eh d uhdvrq wr dujxh lq idyrxu
ri dq ryhuzhljkwlqj ri wkh hvwlpdwhg frh!flhqwv zkhq dsso|lqj wkhp lq +51:, ru
+51;,/ zkhuh wkh ghjuhh ri ryhuzhljkwlqj lv uhodwhg wr wkh ghjuhh ri phdvxuhphqw
huuru/ l1h1 wr wkh ghjuhh ri lpshuihfwqhvv ri wkh vljqdo1 Vxfk ryhuzhljkwlqj frphv
txlwh forvh wr wkh sursrvdov ghulyhg e| Jod}hu dqg PfJxluh +4<<;, iurp dq h{solflw
uhjxodwru| rswlplvdwlrq h{huflvh1
D vhfrqg dssurdfk wr wklv sureohp lv wr orrn pruh fduhixoo| dw wkh glvwxuedqfh
whupv1 Lq d uhdo zruog0vhwwlqj zlwk dq lpshuihfw vshflfdwlrq/ wkh xqh{sodlqhg
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& +716,
Ri frxuvh/ wkh sureohp iru dsso|lqj +716, lv wkdw wkh ghfrpsrvlwlrq lq +715,
ru/ htxlydohqwo|/ wkh ydoxh ri B￿/ duh xqrevhuydeoh1 Lq Vfkrnndhuw hw do1 +4<<;, zh
kdyh vkrzq wkdw wkh ehvw dssur{lpdwlrq ri wkh wuxh qrupdwlyh h{shqglwxuhv
lv rewdlqhg e| sxwwlqj
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zklfk vkrzv wkdw B fdq eh vhhq dv wkh sdudphwhu lq d ulvn0vkdulqj duudqjhphqw/
zkhuh wkh vxevlg| iurp wkh fhqwudo ixqg lv d zhljkwhg dyhudjh ri wkh survshfwlyh
fdslwdwlrq dqg wkh dfwxdo h{shqglwxuhv/ fruuhfwhg iru revhuydeoh glhuhqfhv lq wkh
uhvsrqvlelolw| yduldeohv1
Wkh ghqrplqdwru lq +717, fdq eh hvwlpdwhg/ exw wklv lv qrw wuxh iru wkh qx0
phudwru1 Krzhyhu/ +717, lqglfdwhv krz zh fdq wklqn derxw wkh ydoxh ri B Orrn
dw wkh h{wuhph fdvhv1 Li j2
￿ 'f+uhvshfwlyho| j2
- 'f , zh lpphgldwho| jhw B 'f
+uhvshfwlyho| B ' ,1 Lq wkh iruphu fdvh rqh dvvxphv wkdw wkh glvwxuedqfh whup
rqo| fdswxuhv wkh hhfw ri loohjlwlpdwh ulvn dgmxvwhuv0 wkh dvvxpswlrq zklfk lv
lpsolflw lq wkh frqyhqwlrqdo ulvn dgmxvwphqw olwhudwxuh1 Qr ulvn vkdulqj lv qhhghg1
Lq wkh odwwhu fdvh rqh lv h{wuhpho| fdxwlrxv dqg dvfulehv wkh xqh{sodlqhg sduw frp0
sohwho| wr ohjlwlpdwh ulvn dgmxvwhuv1 Li wkhuh zhuh rqo| ohjlwlpdwh ulvn dgmxvwhuv
lqfoxghg lq wkh hvwlpdwhg prgho 0dv lq wkh wudglwlrqdo dssurdfk0 wklv lpsolhv wkdw
rqh zrxog kdyh wr jlyh xs frpsohwho| wkh lghd ri ulvn0dgmxvwhg survshfwlyh fds0
lwdwlrqv dqg uhvruw wr uhwurvshfwlyh uhlpexuvhphqw ri dfwxdo h{shqglwxuhv1 Dv
vrrq dv rqh h{solflwo| lqwurgxfhv @-0yduldeohv lq wkh hvwlpdwhg htxdwlrq/ wklv lv qr
orqjhu wuxh1 Sxwwlqj B 'zrxog wkhq lpso| wkdw rqh uhlpexuvhv h{shqglwxuhv/
exw fruuhfwhg iru wkh revhuydeoh hhfwv ri wkh loohjlwlpdwh ulvn dgmxvwhuv1W k l vl v
qrw d sulrul xquhdvrqdeoh lq frxqwulhv dwwdfklqj d odujh zhljkw wr wkh dyrlgdqfh
ri ulvn vhohfwlrq +dqg d vpdoo zhljkw wr h!flhqf|,1 Lq wkh wudglwlrqdo dssurdfk
+l1h1 B 'f , wkh fdslwdwlrqv iru glhuhqw jurxsv duh rqo| doorzhg wr glhu li rqh
fdq vkrz d vwdwlvwlfdoo| vljqlfdqw hhfw rq h{shqglwxuhv0 wkh xqh{sodlqhg sduw lv
uhodwhg wr vwrfkdvwlf idfwruv ru wr lqh!flhqflhv1 Htxdwlrq +718, zlwk B 'sxwv
wkh exughq ri surri dw wkh rwkhu vlgh= glhuhqfhv lq h{shqglwxuhv duh frpsohwho|
uhlpexuvhg xqohvv rqh fdq vkrz wkdw wkh| iroorz iurp qrq0pruelglw| fkdudfwhulv0
wlfv1 Ri frxuvh/ erwk B 'fdqg B 'duh h{wuhph fdvhv1 Lq jhqhudo/ dssolfdwlrq ri
+718, zloo uhvxow lq wkh nlqg ri ulvn0vkdulqj duudqjhphqw zklfk lv yhu| riwhq dssolhg
lq dfwxdo sudfwlfh +vhh ydq gh Yhq dqg Hoolv/ 4<<<, dqg kdv dovr ehhq sursrvhg lq
wkh wkhruhwlfdo olwhudwxuh dv d phdqv wr ryhufrph wkh ulvn vhohfwlrq sureohp lq d
vlwxdwlrq zlwk survshfwlyh sd|phqwv +vhh/ h1j1/ Hoolv dqg PfJxluh/ 4<<6,1
Erwk lqwhusuhwdwlrqv 0lq whupv ri phdvxuhphqw huuru ru wkurxjk wkh uhlqwhu0
suhwdwlrq ri wkh glvwxuedqfhv0 pryh wkh hpslulfdo h{huflvhv lq wkh gluhfwlrq ri wkh
wkhruhwlfdo olwhudwxuh= wkh iruphu rhuv dq dujxphqw iru ryhuzhljkwlqj li wkh vlj0
qdov duh lpshuihfw/ wkh odwwhu vkrzv d zd| wr mxvwli| ulvn0vkdulqj duudqjhphqwv1
Shukdsv wkh jds ehwzhhq wkh wkhruhwlfdo dqg wkh hpslulfdo dssurdfkhv/ ehwzhhq
wkhruhwlfdo dqg frqyhqwlrqdo ulvn dgmxvwphqw lv qrw dv odujh dv lw pd| vhhp
dw uvw vljkw1
4;81 D qrq0dgglwlyho| vhsdudeoh vshflfdwlrq
Xqwlo qrz zh kdyh uhpdlqhg zlwklq d olqhdu vhwwlqj1 Dowkrxjk wkhuh duh jrrg uhd0
vrqv wr dgrsw vxfk d olqhdulw|0dvvxpswlrq li h{wuhpho| odujh gdwdvhwv duh dydlodeoh
+dv lq rxu fdvh,/ wkhuh duh dovr dujxphqwv wr lqwurgxfh qrq0olqhdulwlhv lq wkh vshf0
lfdwlrq1 Dw wkh yhu| ohdvw/ rqh frxog nhhs wkh hvwlpdwhg htxdwlrq olqhdu lq wkh
frh!flhqwv exw lqwurgxfh pxowlsolfdwlyh uhodwlrqvklsv ehwzhhq yduldeohv1 Pdq|
hfrqrphwulfldqv zrxog jr pxfk ixuwkhu dqg dgyrfdwh d vrsklvwlfdwhg wuhdwphqw
ri wkh qxoo0h{shqglwxuhv dqg wkh fkrlfh ri d orjdulwkplf wudqvirupdwlrq ri wkh
ghshqghqw yduldeoh wr wdnh dffrxqw ri wkh vnhzhg glvwulexwlrq ri phglfdo h{shq0
glwxuhv1
Jrlqj iurp d olqhdu wr d qrqolqhdu vshflfdwlrq grhv qrw dhfw wkh dssolfd0
elolw| ri wkh wkhruhwlfdo iudphzrun vnhwfkhg lq vhfwlrq 5/ ehfdxvh +514, dqg +516,
uhsuhvhqw jhqhudo ixqfwlrqv1 Krzhyhu/ lw wxuqv rxw wkdw prvw sudfwlfdo dssolfdwlrqv
vrrq ohdg xv lqwr wurxeoh/ ehfdxvh wkh hvwlpdwhg htxdwlrqv gr qr orqjhu vdwlvi| wkh
uhtxluhphqw ri dgglwlyh vhsdudelolw| ehwzhhq wkh uhvsrqvlelolw|0 dqg wkh frpshq0
vdwlrq yduldeohv1 Zh zloo looxvwudwh wkh uhvxowlqj sureohpv/ uvw iru pxowlsolfdwlyh
hhfwv dqg wkhq iru d vhplorjdulwkplf vshflfdwlrq1
8141 Pxowlsolfdwlyh hhfwv
Wkh wklug froxpq ri Wdeoh 4 jlyhv wkh hvwlpdwhv iru d prgho lqfoxglqj vrph vljqli0
lfdqw furvv0hhfwv ehwzhhq @-0d q g@￿0yduldeohv= JS0or|dow| kdv d pxfk vwurqjhu
qhjdwlyh hhfw rq wkh h{shqglwxuhv ri wkh hoghuo|/ dqg wkh frvw ri lqydolglw| dqg
kdqglfdsv lv odujhu lq uhjlrqv zlwk d kljk ghqvlw| ri phglfdo surylghuv1 Erwk
hhfwv duh wkhruhwlfdoo| phdqlqjixo1 E| wkhpvhoyhv wkh| duh douhdg| vx!flhqw
wr pdnh wkh vshflfdwlrq qr orqjhu dgglwlyho| vhsdudeoh ehwzhhq ohjlwlpdwh dqg
loohjlwlpdwh ulvn dgmxvwhuv551 Wkhuhiruh/ wkh qdwxudo phfkdqlvp +519, ru +51;, fdq0
qrw eh dssolhg dqg zh kdyh wr uhvruw wr wkh frqglwlrqdo0hjdolwduldq fdslwdwlrqv lq
+5145,1 Wklv phdqv wkdw zh kdyh wr fkrrvh d uhihuhqfh ydoxh h @- i r us u r y l g h ug h q 0
vlw| dqg JS0or|dow|1 Wkh rswlpdo fkrlfh ri wkhvh uhihuhqfh ydoxhv lv dq lqwhuhvwlqj
wkhruhwlfdo sureohp/ exw iru rxu sxusrvhv lw lv vx!flhqw wr wdnh dv d uhdvrqdeoh
uvw dssur{lpdwlrq wkh phdq ydoxhv lq rxu vdpsoh +dv dq hvwlpdwh ri wkh srs0
xodwlrq phdqv,1 Wklv fkrlfh ri h @- lv vxjjhvwhg e| d qdlyh h{whqvlrq ri +51:, wr
wkh qrq0vhsdudeoh fdvh1 Zh nqrz ri frxuvh wkdw wkh uhvxowlqj fdslwdwlrqv zloo qrw
vdwlvi| wkh QLUV0d{lrp/ l1h1 wkdw wkhuh zloo uhpdlq lqfhqwlyhv iru ulvn vhohfwlrq1
Wklv sureohp lv looxvwudwhg lq Wdeoh 61
55Ri frxuvh/ furvv0h￿hfwv ehwzhhq wzr +ru pruh, frpshqvdwlrq yduldeohv ru wzr +ru pruh,
uhvsrqvlelolw| yduldeohv gr qrw ohdg wr dq| gl!fxowlhv iru dsso|lqj wkh qdwxudo phfkdqlvp ri
vhfwlrq 51
4<Wdeoh 61 Lqfhqwlyhv iru ulvn vhohfwlrq zlwk d pxowlsolfdwlyh prgho
Lq wklv wdeoh zh frqvlghu irxu ulvn w|shv/ glhulqj zlwk uhvshfw wr ohjlwlpdwh
ulvn dgmxvwhuv= djh dqg wkh suhvhqfh ri glvdelolw|1 Wkhlu phglfdo h{shqglwxuhv
duh dovr lq xhqfhg e| wkh surylghu ghqvlw| lq wkhlu uhjlrq ri uhvlghqfh dqg e|
wkhlu rzq or|dow| wr d jhqhudo sudfwlwlrqhu1 Khqfh zh glvwlqjxlvk ehwzhhq irxu
uhvsrqvlelolw|0ohyhov/ udqjlqj iurp wkh orzhvw h{shqglwxuhv +plqlpdo surylghu
ghqvlw| dqg pd{lpdo JS0or|dow|, wr wkh kljkhvw h{shqglwxuhv +pd{lpdo surylghu
ghqvlw| dqg plqlpdo JS0or|dow|,1 Wkh uvw froxpq jlyhv wkh h{shfwhg h{shqgl0
wxuhv iru wkhvh glhuhqw srvvlelolwlhv/ dv frpsxwhg zlwk wkh frh!flhqwv lq Wdeoh
41 Wklv fdq eh lqwhusuhwhg dv .E%￿'sE@￿
￿ c@ -
￿  zhuh wkh h{shfwdwlrqv0rshudwru
uhihuv wr wkh idfw wkdw zh kdyh qhjohfwhg wkh glvwxuedqfh whup561D v f r x o g e h
h{shfwhg/ wkhuh duh odujh glyhujhqfhv lq wkhvh h{shfwhg h{shqglwxuhv1 Lq vr idu
dv wkhvh glhuhqfhv duh gxh wr wkh uhvsrqvlelolw| yduldeohv/ wkhuh lv qr sureohp
iurp d vrfldo srlqw ri ylhz1 Krzhyhu/ glhuhqfhv zlwklq d uhvsrqvlelolw|0ohyho
vkrxog eh frpshqvdwhg iru e| wkh ulvn dgmxvwphqw phfkdqlvp1 Lpsohphqwlqj wkh
frqglwlrqdo0hjdolwduldq fdslwdwlrqv xqghu wkh dvvxpswlrq h @- ' @- dqg xvlqj wkh
qrwdwlrq ri +5146,/ wkh vhfrqg froxpq ri Wdeoh 6 vkrzv wkh ydoxhv ri sE@￿
￿ c@-
￿ /l 1 h 1
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￿ /l 1 h 1Z￿.
￿ b +vhh +5147,,1 Lq
vr idu dv wkhuh duh glhuhqfhv zlwklq wkh irxu uhvsrqvlelolw|0eorfnv ri wklv odvw
froxpq/ wkhuh duh lqfhqwlyhv iru ulvn vhohfwlrq1 Lw lv reylrxv wkdw wkhvh lqfhqwlyhv
duh frqvlghudeoh0 dowkrxjk ri frxuvh ghshqghqw rq wkh ohyho ri surylghu ghqvlw|
dqg JS0or|dow|571
Wkhuh vhhpv wr eh d uhdo sureohp khuh1 Qrwh wkdw wklv sureohp lv qrw gxh
wr odfn ri dghtxdwh gdwd1 Wkh frqyhqwlrqdo ulvn dgmxvwphqw olwhudwxuh wulhv wr
plqlplvh wkh gdqjhuv ri ulvn vhohfwlrq e| orrnlqj iru ehwwhu ulvn dgmxvwhuv/ l1h1 ohvv
lpshuihfw vljqdov ri ulvn w|sh1 Wklv lv dq lpsruwdqw wdvn1 Krzhyhu/ hyhq zlwk
shuihfw lqirupdwlrq wkh sureohp vnhwfkhg lq wklv vhfwlrq zrxog uhpdlq581W k h
pdjqlwxgh ri wkh glhuhqfhv lq wkh odvw froxpq ri Wdeoh 6 lqglfdwhv wkdw lw lv qrw
qhjoljleoh1
56Qrwh wkdw wklv qrwdwlrq lv qrw ixoo| frqvlvwhqw zlwk vhfwlrq 5/ lq zklfk zh kdyh qhjohfwhg
wkh vwrfkdvwlf dvshfwv1
57Lw lv reylrxv wkdw wkh lqfhqwlyhv iru ulvn vhohfwlrq duh qlo iru wkh lqglylgxdov zlwk dU
l @ h dU
l /
ru lq rxu vshfl￿f looxvwudwlrq zlwk dU
l @ dU
l 1
58Wklv srlqw pljkw eh vrphzkdw vxusulvlqj iru hfrqrplvwv zkr whqg wr wklqn wkdw lq d shuihfw
lqirupdwlrq vhwwlqj wkh ￿uvw ehvw fdq eh uhdfkhg1 Krzhyhu/ lq wklv fdvh wkh QLFL0d{lrp lpsrvhv
dgglwlrqdo uhvwulfwlrqv rq wkh fkrlfh ri lqvwuxphqwv1
538151 D vhplorjdulwkplf vshflfdwlrq
Vxssrvh qrz wkdw rqh dgrswv d vhpl0orjdulwkplf vshflfdwlrq wr dffrxqw iru wkh
vnhzhg glvwulexwlrq ri phglfdo h{shqglwxuhv=






￿ n ￿ +814,
Hvwlpdwlrq uhvxowv iru wklv vshflfdwlrq duh vkrzq lq wkh odvw froxpq ri Wdeoh
4591 Lw lv zhoo nqrzq wkdw suhglfwlqj h{shqglwxuhv rq wkh edvlv ri +814, hqwdlov d
srwhqwldoo| gl!fxow uhwudqvirupdwlrq sureohp/ exw iru rxu sxusrvhv lw lv vx!flhqw
wr orrn dw wkh frqvhtxhqfhv ri dsso|lqj wkh iroorzlqj qdlyh wudqvodwlrq ri wkh
qdwxudo qrupdwlyh h{shqglwxuhv +51;, lq wklv frqwh{w=






Dsso|lqj +815, dqg +814, rqh vhhv lpphgldwho| wkdw













zklfk lv fohduo| ghshqghqw rq wkh @￿0yduldeohv1 Wkhuhiruh/ djdlq/ wkhuh zloo uhpdlq
lqfhqwlyhv iru ulvn vhohfwlrq1 Wklv lv qrw vxusulvlqj/ vlqfh vshflfdwlrq +814, lpsolhv
wkdw sE lq +516, lv qrw dgglwlyho| vhsdudeoh lq ohjlwlpdwh dqg loohjlwlpdwh ulvn
dgmxvwhuv1 Lq idfw/ dsduw iurp wkh frqvwdqw b/ wkh qdlyh dssurdfk edvhg rq +815,
erlov grzq wr wkh frqglwlrqdo hjdolwduldq phfkdqlvp +5146, iru uhihuhqfh ydoxhv ri
wkh @-0yduldeohv htxdo wr wkhlu phdq ydoxhv1 Qrwh wkdw lq wklv fdvh wkh sureohp
ri ulvn vhohfwlrq zrxog uhpdlq hyhq li rqh glg qrw lqfoxgh h{solflw @-0yduldeohv
lq wkh vshflfdwlrq= wkh suhvhqfh ri wkh glvwxuedqfh whup lq +816, lv vx!flhqw wr
jhqhudwh wkh sureohp1
Wr jhw dq lghd derxw wkh pdjqlwxgh ri wkh ulvn vhohfwlrq lqfhqwlyhv/ lw lv xvhixo
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Wkh h{suhvvlrq dw wkh uljkw0kdqg vlgh lv lqghshqghqw ri @￿
￿ dqg fdq eh ghqrwhg dv
lE@-
￿ 1 Wkhuhiruh wkh qdlyh phfkdqlvp +815, pdnhv wkh lqfhqwlyhv iru ulvn vhohfwlrq
sursruwlrqdo wr wkh dfwxdo h{shqglwxuhv/ l1h1 lw vdwlvhv wkh iroorzlqj d{lrp=




59Iru revhuydwlrqv zlwk }hur h{shqglwxuhv/ zh sxw oq{l @3+l1h1 {l @4 ,1
54Wkh uhvxowv lq wklv vhfwlrq duh zruu|lqj1 Dv hpskdvl}hg ehiruh/ lw lv fuxfldo wr
glvwlqjxlvk fduhixoo| ehwzhhq wkh h{sodqdwru| srzhu ri hvwlpdwhg h{shqglwxuh
htxdwlrqv dqg wkh xvh ri wkh uhvxowlqj hvwlpdwhv lq d fdslwdwlrq irupxod1 Dw wkh
vdph wlph/ wkhuh pd| eh yhu| vrxqg hfrqrphwulf uhdvrqv wr lqwurgxfh furvv0hhfwv
lq d olqhdu htxdwlrq ru wr pryh wr +vhpl,orjdulwkplf vshflfdwlrqv 0 qrw wr phqwlrq
wkh xvh ri wzr0sduw prghov zklfk zrxog vwloo ixuwkhu frpsolfdwh pdwwhuv1 Li rqh
zhuh xqdzduh ri sursrvlwlrq 515/ lw zrxog eh whpswlqj wr wu| wr ghulyh iurp vxfk
pruh vrsklvwlfdwhg vshflfdwlrqv d fdslwdwlrq irupxod zklfk zrxog vdwlvi| QLUV
+dqg wkh qhxwudolw| dvvxpswlrq QLFL,1 Exw sursrvlwlrq 515 vkrzv wkdw doo vxfk
dwwhpswv duh ixwloh= li wkh wuxh prgho lv qrw dgglwlyho| vhsdudeoh/ wkhq qr ulvn
dgmxvwphqw vfkhph fdq uhpryh doo wkh lqfhqwlyhv iru ulvn vhohfwlrq1 Ri frxuvh/
edvlqj wkh fdslwdwlrqv rq d ixoo| olqhdu prgho/ zkhq wklv lv qrw wkh wuxh prgho
dqg zkhq lqvxuhuv kdyh nqrzohgjh derxw wkdw wuxh prgho/ grhv qrw vroyh wkh edvlf
sureohp1 Qru fdq wklv edvlf sureohp eh vroyhg e| froohfwlqj ehwwhu gdwd ru e|
xvlqj pruh vrsklvwlfdwhg vwdwlvwlfdo whfkqltxhv1 Wkh rqo| srvvlelolw| wr uhpryh
wkh lqfhqwlyhv iru ulvn vhohfwlrq zkhq wkh h{shqglwxuh htxdwlrqv duh qrw dgglwlyho|
vhsdudeoh lq wkh yduldeohv @￿ dqg @- zrxog eh wr jlyh xs krul}rqwdo qhxwudolw|
QLFL +d uhvwulfwlrq rq wkh vhw ri srvvleoh lqvwuxphqwv, dqg wr dsso| h1j1 wkh
hjdolwduldq0htxlydohqw phfkdqlvp +5143,1 D pruh uhdolvwlf dssurdfk lq prvw uhdo0
z r u o gs r o l f |f r q w h { w vl vs u r e d e o |w rn h h sQLFL/ wr zrun zlwk zkdw lv wkh ehvw
srvvleoh hvwlpdwlrq ri wkh wuxh prgho dqg wr wu| wr plqlpl}h wkh lqfhqwlyhv iru
ulvn vhohfwlrq lq wkh frqfuhwh vhwwlqj/ l1h1 wr fkrrvh wkh ehvw srvvleoh uxoh zlwklq
wkh idplo| ri frqglwlrqdo0hjdolwduldq phfkdqlvpv +5145,1 Wklv ehvw srvvleoh uxoh
zloo eh ghshqghqw rq wkh frqfuhwh hpslulfdo vhwwlqj dqg rq dq hwklfdo zhljkwlqj
vfkhph wr eh dssolhg wr wkh ydulrxv ulvn jurxsv lqyroyhg1 Wklv vhhpv wr eh d
xvhixo wrslf iru ixuwkhu uhvhdufk5:1
91 D vshfldo fdvh= wkh lqwurgxfwlrq ri khdowk sodq ehkdylrxu
Lq wkh suhylrxv vhfwlrqv zh kdyh iroorzhg wkh frqyhqwlrqdo ulvn dgmxvwphqw olw0
hudwxuh dqg frpsohwho| qhjohfwhg wkh ehkdylrxu ri wkh khdowk sodqv wkhpvhoyhv1
Pruh vshflfdoo|/ zh glg qrw wdnh lqwr dffrxqw wkh uhdfwlrqv e| wkhvh khdowk sodqv
0dqg srvvleo| wkh sdwlhqwv0 rq wkh lqwurgxfwlrq ri wkh ulvn dgmxvwphqw irupxod1
Krzhyhu/ wkh lqwurgxfwlrq ri wkh @-0yduldeohv pdnhv wkh wkhruhwlfdo iudphzrun
ri vhfwlrq 5 vx!flhqwo| jhqhudo wr lqfrusrudwh wkhvh hhfwv1 Lqghhg/ wkhuh lv qr
uhdvrq zk| +516, frxog qrw uhvxow iurp d frpsohwh vwuxfwxudo prgho/ lqfrusrudw0
lqj wkh ehkdylrxudo uhdfwlrqv ri erwk sdwlhqwv dqg khdowk sodqv1 Vxfk d frpsohwh
5:Rqh lqwhuhvwlqj zd| iruzdug lv vxjjhvwhg e| Jod}hu dqg PfJxluh +4<<<,1 Wkh| plqlpl}h
+iru d jlyhq gdwd vhw, wkh lqfhqwlyhv iru ulvn vhohfwlrq xqghu wkh uhvwulfwlrq wkdw txdolw| glvwruwlrq
kdv wr eh frpsohwho| dyrlghg1
55vwuxfwxudo vshflfdwlrq frxog wdnh wkh iroorzlqj irup=
%￿￿ ' sE6￿c_R ￿c_ ￿ +914,
zkhuh %￿￿ uhsuhvhqwv wkh phglfdo h{shqglwxuhv ri sdwlhqw / lqvxuhg e| khdowk sodq
/ 6￿ uhsuhvhqwv d vhw ri pruelglw| yduldeohv/ w|slfdo iru sdwlhqw  dqg eh|rqg khu
rzq uhvsrqvlelolw|/ _R￿ lv d vhw ri ghflvlrq yduldeohv ri sdwlhqw  dqg _￿ dv h wr i
ghflvlrq yduldeohv iru khdowk sodq 1 D yduldeoh olnh or|dow| wr rqh jhqhudo sudf0
wlwlrqhu lv dq h{dpsoh ri d _R￿0yduldeoh1 H{dpsohv ri _￿0yduldeohv duh wkh dydlo0
delolw| ri suhihuuhg surylghu duudqjhphqwv/ wkh fuhdwlrq ri d vhw ri lqfhqwlyhv iru
wkh sdwlhqwv wr fkrrvh wkh ohvv h{shqvlyh surylghuv ru wr nhhs or|do wr rqh jhqhudo
sudfwlwlrqhu/ hruwv wr sxw suhvvxuh rq surylghuv wr plqlpl}h vxsso|0lqgxfhphqw1
Li zh zhuh deoh wr froohfw lqirupdwlrq rq doo vxfk yduldeohv zh frxog hvwlpdwh
wkh ixoo prgho +914,1 Djdlq/ dv ehiruh/ wklv lv lq wkh uvw sodfh dq h{huflvh lq srv0
lwlyh hfrqrphwulfv1 Wkh qh{w vwhs wkhq zrxog eh wkh ghulydwlrq ri wkh fdslwdwlrq
sd|phqwv dorqj wkh olqhv ghvfulehg lq vhfwlrq 51 Vlqfh wkh fhqwudo ixqg zdqwv wr
fuhdwh dssursuldwh lqfhqwlyhv iru erwk khdowk sodqv dqg sdwlhqwv/ d orjlfdo fkrlfh
zrxog eh wr sxw @￿
￿  6￿ dqg @-
￿  E_R￿c_ ￿ 0 exw wkhuh lv qr sureohp wr lqfoxgh
vrph sdwlhqw ghflvlrq yduldeohv +h1j1 zkhwkhu wr olyh lq d uxudo ru dq xuedq hq0
ylurqphqw, dprqj wkh ohjlwlpdwh ulvn dgmxvwhuv1 Krzhyhu/ wkhuh vhhpv wr eh qr
jrrg uhdvrq wr gr wkh vdph zlwk wkh khdowk sodq0yduldeohv _￿1
Vxssrvh qrz wkdw wkh h{shqglwxuh ixqfwlrq sE lv dgglwlyho| vhsdudeoh lq wkh
@￿0d q g@-0yduldeohv dqg wkdw rqh fdq wkhuhiruh dsso| wkh qdwxudo phfkdqlvp
+519,1 Wkh ehkdylrxudo yduldeohv lq @-
￿ gr qrw dsshdu lq wkh uhvxowlqj fdslwdwlrqv1
Wklv lpsolhv wkdw glhuhqw khdowk sodqv zloo jhw wkh vdph fdslwdwlrq iru wkh vdph
+pruelglw|, w|sh ri sdwlhqwv/ hyhq li wkh h{shqglwxuhv ri wkhvh sdwlhqwv duh glhuhqw
ehfdxvh ri glhuhqfhv lq khdowk sodq ehkdylrxu1 Dovr/ li khdowk sodqv fkdqjh wkhlu
ehkdylrxu dv wkh frqvhtxhqfh ri wkh lqwurgxfwlrq ri wkh ulvn dgmxvwphqw vfkhph/
wklv zloo qrw ohdg wr d fkdqjh lq wkh dprxqw ri fdslwdwlrqv uhfhlyhg1 Lq wkh
vlwxdwlrq ri dgglwlyh vhsdudelolw| doo lqfhqwlyhv iru h!flhqf| uhpdlq lqwdfw5;1
Li wkh h{shqglwxuh ixqfwlrq sE lv qrw dgglwlyho| vhsdudeoh lq wkh @￿0d q g@-0
yduldeohv/ wklv qlfh uhvxow grhv qr orqjhu krog1 Lq wkdw fdvh wkh ghflvlrqv ri wkh
khdowk sodqv zloo kdyh glhuhqwldo hhfwv rq glhuhqw ulvn jurxsv/ ru irupxodwhg
pruh uljrurxvo|/ YsE*Y_￿ zloo ghshqg rq wkh ohyho ri wkh pruelglw|0yduldeohv 61
Dv vkrzq ehiruh/ wkh srolf| pdnhu zloo wkhq idfh d wudgh0r ehwzhhq plqlpl}lqj
wkh lqfhqwlyhv iru ulvn vhohfwlrq dqg vdihjxduglqj wkh lqfhqwlyhv iru h!flhqf|1 Li
khu sulrulwlhv duh frvw frqwdlqphqw dqg h!flhqf|/ vkh fdq rsw iru wkh frqglwlrqdo0
hjdolwduldq irup +5146,> exw lq wkdw fdvh 0dv looxvwudwhg ehiruh0 vkh zloo qrw eh
5;Lq idfw/ lq wklv pruh hoderudwh vhwwlqj lw lv hdvlhu wr xqghuvwdqg wkh pruh dpelwlrxv lqwhu0
suhwdwlrq ri wkh QLFL0d{lrp dv ￿qr lqfhqwlyhv iru frvw lq dwlrq￿ +wkh lqwhusuhwdwlrq sursrvhg
lq Vfkrnndhuw hw do1/ 4<<;,1
56deoh wr uhpryh doo lqfhqwlyhv iru ulvn vhohfwlrq1 Dowhuqdwlyho|/ vkh fdq wxuq wr
wkh idplo| ri hjdolwduldq0htxlydohqw phfkdqlvpv +5144,0 exw wkhq khdowk sodqv fdq
lq xhqfh wkurxjk wkhlu ehkdylrxu wkh fdslwdwlrqv wkh| uhfhlyh1 Ri frxuvh/ wkhuh
duh dovr rwkhu vroxwlrqv zklfk zrxog qrw vdwlvi| QLFL qru QLUV/ exw srvvleo|
rhu dq dwwudfwlyh plggoh frxuvh1 Wkhvh wudgh0rv fdq eh dqdo|vhg dv d vhfrqg
ehvw0sulflqj sureohp/ srvvleo| zlwk wkh krul}rqwdo qhxwudolw| dvvxpswlrq QLFL
dv dq dgglwlrqdo uhvwulfwlrq rq wkh vhw ri lqvwuxphqwv1 Wkh hvwlpdwhg htxdwlrq
+914, zrxog eh d qhfhvvdu| lqsxw iru wkh hpslulfdo dssolfdwlrq ri vxfk d vhfrqg
ehvw0sulflqj dssurdfk/ sod|lqj wkh vdph uroh dv wkh frqvxphu ghpdqg dqg oderxu
vxsso| htxdwlrqv lq dq rswlpdo wd{dwlrq0h{huflvh1 Qrwh djdlq wkdw wkh devhqfh ri
dgglwlyh vhsdudelolw| lv d fuxfldo dvvxpswlrq 0 dqg rqh zklfk fdq eh whvwhg rq wkh
edvlv ri hpslulfdo gdwd1
Zh duh qrw dzduh ri dq| dwwhpsw lq wkh ulvn dgmxvwphqw olwhudwxuh wr hvwlpdwh
d frpsohwh htxdwlrq olnh +914,1 Dq hdv| zd| wr lqwurgxfh ehkdylrxudo yduldeohv lv
wkh lqwurgxfwlrq ri d {hg khdowk sodq0hhfw dv d vkruw0fxw iru glhuhqfhv lq _￿1
Wklv lv txlwh ihdvleoh lq prvw dssolfdwlrqv zlwk lqglylgxdo gdwd1 Uhvxowv zlwk rxu
gdwd duh vkrzq lq wkh irxuwk froxpq ri Wdeoh 41 Wkh khdowk sodq0gxpplhv dgg
wr wkh h{sodqdwru| srzhu ri rxu prgho1 Vlqfh wkh| duh qrw vwurqjo| fruuhodwhg
zlwk dq| ri wkh rwkhu yduldeohv lqfoxghg/ wkh| kdyh rqo| d qhjoljleoh hhfw rq wkh
qrupdwlyh h{shqglwxuhv0 dv vkrzq lq wkh wklug froxpq ri Wdeoh 51 Wkh glvfxvvlrq
khuh lv frpsohwho| dqdorjrxv wr wkh rqh lq vhfwlrq 7141 Li w k h { h gk h d o w ks o d q
hhfwv dhfwhg wkh hvwlpdwhv ri rwkhu frh!flhqwv/ lw zrxog eh hvvhqwldo wr lqfoxgh
wkhp lq wkh htxdwlrq1 Wkh idfw wkdw wkh| gr qrw kdyh wklv hhfw khuh lv frqwlqjhqw
rq wkh gdwd xvhg1 Jlyhq wkh hdvh zlwk zklfk wkhvh khdowk sodq {hg hhfwv fdq eh
lqfoxghg +dqg qhxwudolvhg lq wkh fdofxodwlrq ri wkh fdslwdwlrqv,/ wkhuh lv qr uhdvrq
qrw wr lqfoxgh wkhp lq wkh hvwlpdwhg htxdwlrq1
Zh dovr orrnhg iru vljqlfdqw furvv0hhfwv ehwzhhq wkh khdowk sodq dqg wkh
ohjlwlpdwh ulvn dgmxvwhuv1 Wkh iwk froxpq ri Wdeoh 4 vkrzv wkdw wkhuh lv d vlj0
qlfdqw qhjdwlyh lqwhudfwlrq hhfw ehwzhhq rqh khdowk sodq dqg wkh glvdelolw|
yduldeoh1 Zkloh iru wkh rwkhuv wkh dgglwlrqdo frvw ri d glvdeohg lv ;;/7:7 EHI
+54<6 Hxur,/ iru khdowk sodq 4 wklv dgglwlrqdo frvw lv rqo| 85/7:6 EHI +4634
Hxur,1 Wkh frqvhtxhqfhv iru wkh fdslwdwlrqv duh dqdorjrxv wr wkh jhqhudo fdvh ri
pxowlsolfdwlyh hhfwv1 Vxssrvh zh zrxog qhjohfw wkh h{lvwhqfh ri wkh furvv0hhfw
dqg edvh wkh fdslwdwlrqv rq wkh uhvxowv lq wkh irxuwk froxpq ri Wdeoh 41 Lq wkdw
fdvh doo wkh khdowk sodqv zrxog fhwhulv sdulexv jhw dq dgglwlrqdo :3/<:3 EHI +4:8<
Hxur, iru d glvdeohg phpehu1 Wklv lv dovr zkdw zrxog uhvxow iurp d fhoo0edvhg
dssurdfk jlylqj doo khdowk sodqv wkh ryhudoo dyhudjh dv d fdslwdwlrq1 Krzhyhu/ li
wkh uhdo zruog orrnv olnh froxpq +8, wklv fdslwdwlrq zrxog lpso| wkdw doo khdowk
s o d q v+ h { f h s wk h d o w ks o d q4 ,p d n ho r v v h vr qw k h l ug l v d e o h g 0d q gw k d wk h d o w ks o d q4
pdnhv surwv1 Lq idfw/ vwduwlqj iurp froxpq +8,/ wklv qdlyh dssurdfk lv dq lpsolflw
57dssolfdwlrq ri d frqglwlrqdo0hjdolwduldq phfkdqlvp zlwk dv uhihuhqfh ydoxh iru wkh
khdowk sodq0uhvsrqvlelolw| yduldeoh h @-@ 317<1 Uhdvrqlqj dorqj wkh olqhv ri wkh
suhylrxv vhfwlrqv/ dffhswlqj wkh hvwlpdwlrq uhvxowv lq froxpq +8, dv wkh wuxh prgho
dqg wdnlqj lqwr dffrxqw wkdw wkh khdowk sodq0hhfw lv d gxpp| yduldeoh/ wkhuh duh
wzr rwkhu vwudljkwiruzdug fkrlfhv iru wkh uhihuhqfh ydoxh h @-= zh fdq wdnh hlwkhu
khdowk sodq 4 ru wkh rwkhu khdowk sodqv dv wkh uhihuhqfh1 Lq wkh iruphu fdvh/ doo wkh
khdowk sodqv exw khdowk sodq 4 zloo pdnh orvvhv rq wkhlu glvdeohg dqg zloo wkhuhiruh
eh prwlydwhg wr jhw ulg ri wkhp1 Khdowk sodq 4 lv lqglhuhqw ehwzhhq glvdeohg
dqg deoh0erglhg phpehuv1 Lq wkh odwwhu fdvh/ khdowk sodq 4 zloo pdnh surwv rq
lwv glvdeohg phpehuv dqg zloo wu| wr dwwudfw pruh1 Wkh rwkhuv/ krzhyhu/ duh ixoo|
frpshqvdwhg iru wkh dgglwlrqdo h{shqglwxuhv ri wkhlu glvdeohg phpehuv1 Zkloh
lq doo fdvhv wkhuh lv vrph suhvvxuh iru wkh glvdeohg wr pryh wr khdowk sodq 4/ wkh
qdqfldo frqvhtxhqfhv iru wkh khdowk sodqv 0dqg khqfh wkh ehkdylrxudo uhdfwlrqv
wr eh h{shfwhg0 duh frpsohwho| glhuhqw1 Pruhryhu/ lq d g|qdplf frqwh{w/ wkhvh
uhdfwlrqv zloo whqg wr fkdqjh wkh h{shqglwxuhv ri wkh glvdeohg iru wkh glhuhqw
khdowk sodqv dqg wkhuhiruh srvvleo| uhpryh wkh vljqlfdqfh ri wkh furvv0hhfw1
Wkh vrfldo ghvludelolw| ri wkhvh uhdfwlrqv zloo ghshqg rq wkh h{dfw lqwhusuhwd0
wlrq ri wklv furvv0hhfw1 Wkhuh duh dw ohdvw wkuhh srvvleoh lqwhusuhwdwlrqv1 Lq wkh
uvw/ khdowk sodq 4 kdv orzhu h{shqglwxuhv vlpso| ehfdxvh lw lv pruh h!flhqw lq
wuhdwlqj wkh glvdeohg zkloh gholyhulqj vhuylfhv ri wkh vdph txdolw|1 Lq wkdw fdvh wkh
ghvfulehg pryhv frxog zhoo eh ghvludeoh dqg wkh fhqwudo ixqg frxog rsw iru wdnlqj
khdowk sodq 4 dv wkh uhihuhqfh1 Lq d vhfrqg lqwhusuhwdwlrq/ h{shqglwxuhv pd| eh
orzhu ehfdxvh wkh txdolw| ri vhuylfhv iru wkh glvdeohg lv orzhu1 Lq wkdw fdvhv lw
zrxog eh gdqjhurxv wr wdnh khdowk sodq 4 dv wkh uhihuhqfh1 D wklug lqwhusuhwdwlrq
lv srvvleoh li wkh khdowk sodqv kdyh vrph lq xhqfh rq wkh ghflvlrq wr fodvvli| d
s d w l h q wd v g l v d e o h g  1Dk h d o w ks o d qz k l f kd s s o l h vw k hu h j x o d w l r q vl qdo d { h uz d | /
zloo kdyh pruh glvdeohg dprqj lwv phpehuv dqg/ dv d gluhfw frqvhtxhqfh/ wkh
dyhudjh h{shqglwxuhv ri lwv glvdeohg zloo eh orzhu wkdq iru wkh rwkhu khdowk sodqv1
Lq wklv lqwhusuhwdwlrq wkh hvwlpdwlrq uhvxow iru wkh pxowlsolfdwlyh whup frxog eh dq
dujxphqw wr uhpryh glvdelolw| dv vxfk iurp wkh olvw ri ohjlwlpdwh ulvn dgmxvwhuv1
Wkhvh duh gl!fxow fkrlfhv wr pdnh iru d fhqwudo ixqg dqg wkh qdo ghflvlrq
zloo qhfhvvdulo| ghshqg rq wkh frqfuhwh vrfldo dqg srolwlfdo frqwh{w1 Krzhyhu/
wkh wkhruhwlfdo prgho ri vhfwlrq 5 rhuv dq lqwhuhvwlqj iudphzrun wr vwuxfwxuh
wkh sureohp dqg wr pdnh wkh olqn ehwzhhq wkh hpslulfdo 0vflhqwlf0 zrun dqg
wkh qrupdwlyh 0srolwlfdo0 glvfxvvlrqv1 Lw vkrzv wkdw wkh rqo| zd| wr dyrlg wkh
ghvfulehg lqfhqwlyhv iru ulvn vhohfwlrq lv wr jr iru dq hjdolwduldq0htxlydohqw vroxwlrq/
lq zklfk glhuhqw khdowk sodqv jhw d glhuhqw fdslwdwlrq iru wkhlu htxdoo| glvdeohg1
Lw lv gl!fxow wr lpdjlqh d uhdo0zruog vlwxdwlrq lq zklfk wklv zrxog eh srolwlfdoo|
ihdvleoh1 Pruhryhu/ lw jrhv yhu| pxfk djdlqvw wkh edvlf udwlrqdoh ri lqwurgxflqj
d v|vwhp ri survshfwlyh sd|phqwv1 Li wklv vroxwlrq wkhuhiruh lv qrw dgrswhg wkh
58gl!fxow fkrlfhv fdqqrw eh dyrlghg1 Dqg hvwlpdwlrq uhvxowv olnh wkh rqhv lq froxpq
+8, ri Wdeoh 4 lqglfdwh wkh lqwhuhvwv dw vwdnh1 Ri frxuvh/ lq rxu frqfuhwh h{dpsoh
wkh sureohp lv h{dfhuedwhg e| wkh xvh ri vlpsoh gxpplhv wr fdswxuh wkh khdowk
sodq0hhfwv1 Li ehwwhu lqirupdwlrq zhuh dydlodeoh rq _￿0yduldeohv/ lw zrxog eh
srvvleoh wr hvwlpdwh d pruh lqirupdwlyh prgho dqg srvvleo| hyhq wr fkrrvh +rq
wkh edvlv ri wkh gdwd, ehwzhhq wkh glhuhqw srvvleoh lqwhusuhwdwlrqv1 Wkh sureohp
ri ulvn vhohfwlrq zrxog qrw glvdsshdu/ exw rqh zrxog kdyh d ehwwhu edvlv wr fkrrvh
dq dghtxdwh uhihuhqfh ydoxh iru _￿0 reylrxv srvvlelolwlhv duh wkh phdq ru wkh
ehvw sudfwlfh0ydoxh1 Wklv nlqg ri hpslulfdo h{huflvhv frxog eh xvhixo li zh zdqw
wr eulgjh wkh jds ehwzhhq wkh wkhruhwlfdo dqg wkh frqyhqwlrqdo ulvn dgmxvwphqw
olwhudwxuh1
:1 Frqfoxvlrq
Wkh frqyhqwlrqdo ulvn dgmxvwphqw olwhudwxuh whqgv wr xqghuhpskdvl}h wkh edvlf
glhuhqfh ehwzhhq h{sodlqlqj phglfdo h{shqglwxuhv dqg irupxodwlqj qrupdwlyh
fdslwdwlrqv1 Zh vnhwfk d iudphzrun/ ghulyhg iurp vrfldo fkrlfh wkhru|/ zklfk
pdnhv lw srvvleoh wr kdqgoh wklv glvwlqfwlrq h{solflwo|1 Pruh vshflfdoo|/ zh vkrz
krz wr ghulyh lq d uljrurxv zd| qrupdwlyho| dffhswdeoh fdslwdwlrqv iurp hvwlpdwhg
htxdwlrqv/ hyhq li wkhvh hvwlpdwhg htxdwlrqv frqwdlq loohjlwlpdwh ulvn dgmxvwhuv/
l1h1 li uhdo0zruog h{shqglwxuhv duh frghwhuplqhg e| yduldeohv iru zklfk rqh grhv
qrw zdqw wr frpshqvdwh1 Wklv zloo dozd|v eh wuxh lq wkh uhdo zruog1
Rxu vwduwlqj srlqw lv wkh hpslulfdo olwhudwxuh/ exw zh vxjjhvw wkdw ixuwkhu
wklqnlqj dorqj wkh olqhv vnhwfkhg lq wklv sdshu frxog frqwulexwh wr eulgjlqj dw
ohdvw sduw ri wkh jds ehwzhhq wklv hpslulfdo zrun dqg wkh qrz udslgo| h{sdqglqj
wkhruhwlfdo olwhudwxuh rq ulvn dgmxvwphqw1 Dw wkh yhu| ohdvw dq dffhswdeoh hvwlpd0
wlrq ri d ixoo vwuxfwxudo prgho/ lqfrusrudwlqj khdowk sodq ehkdylrxu/ vhhpv wr eh d
qhfhvvdu| exloglqj0eorfn lq erwk dssurdfkhv1 Lw dovr vhhpv zruwkzkloh wr h{soruh
ixuwkhu wkh frqqhfwlrqv ehwzhhq wkh htxlw|2h!flhqf| wudgh0r dv lw dsshduv lq
rxu iudphzrun dqg wkh pruh wudglwlrqdo sxeolf hfrqrplf lqwhusuhwdwlrq ri wklv
wudgh0r1 Zh duh zhoo dzduh wkdw pxfk uhpdlqv wr eh grqh dqg wkdw wklv wudfn
pd| orrn qrqsurplvlqj wr qrq0eholhyhuv1
Krzhyhu/ wkh ohvvrqv zh fdq ghulyh iurp rxu dssurdfk iru ixwxuh hpslulfdo
zrun rq ulvn dgmxvwphqw duh ohvv dpeljxrxv1 Ohw xv eulh | vxppdul}h=
+d, Wkh wkhruhwlfdo vhwwlqj vxjjhvwv wkdw lw lv srvvleoh wr qhxwudolvh wkh hhfw ri
uhvsrqvlelolw|0yduldeohv iru wkh frpsxwdwlrq ri wkh fdslwdwlrqv1 Wkhuh lv wkhuhiruh
qr jrrg dujxphqw iru wkh vwdqgdug surfhgxuh ri rplwwlqj wkhvh yduldeohv gxulqj
wkh hvwlpdwlrqv/ ehfdxvh wklv pd| ohdg wr eldvhg hvwlpdwhv ri wkh hhfwv ri wkh
ohjlwlpdwh ulvn dgmxvwhuv1 D ehwwhu surfhgxuh frqvlvwv lq h{solflwo| glvwlqjxlvklqj
ehwzhhq wzr skdvhv1 Iluvw/ rqh wulhv wr gr wkh hfrqrphwulf zrun dv fduhixoo| dv
59srvvleoh/ l1h1 rqh wulhv wr qg wkh ehvw h{sodqdwru| prgho1 Vhfrqg/ rqh dujxhv
h{solflwo| derxw wkh qrupdwlyh glvwlqfwlrq ehwzhhq ohjlwlpdwh dqg loohjlwlpdwh ulvn
dgmxvwhuv dqg rqh xvhv htxdwlrqv +519,0+51;, wr fdofxodwh wkh fdslwdwlrqv1
+e, Wkh yduldeohv lqfoxghg lq wkh htxdwlrqv zloo lq jhqhudo eh rqo| dq lpshuihfw
vljqdo ri wkh wuxh ulvn w|sh ri wkh lqglylgxdov frqfhuqhg1 Wklv fdq eh wdnhq lqwr
dffrxqw wkurxjk dq ryhuzhljkwlqj ri wkh uhohydqw frh!flhqwv ru wkurxjk d pl{hg
ulvn0vkdulqj vfkhph1 Wkh zhljkwv lq wkhvh wkhruhwlfdo sursrvdov fdq eh uhodwhg lq
d qdwxudo zd| wr 0sduwo| xqrevhuyhg0 fkdudfwhulvwlfv ri wkh hpslulfdo gdwd1
+f, Wkhuh pd| eh jrrg hfrqrphwulf uhdvrqv wr gurs wkh dvvxpswlrq ri olqhdu0
lw| lq wkh yduldeohv1 Lqwurgxflqj d +vhpl, orjdulwkplf vshflfdwlrq zloo ohdg wr d
prgho/ zklfk lv qr orqjhu dgglwlyho| vhsdudeoh lq wkh frpshqvdwlrq dqg wkh uh0
vsrqvlelolw| yduldeohv1 Wkh vdph lv wuxh li rqh qgv vljqlfdqw furvv0hhfwv ehwzhhq
d frpshqvdwlrq dqg d uhvsrqvlelolw|0yduldeoh1 Li wkh wuxh prgho lv qrw dgglwlyho|
vhsdudeoh/ lw ehfrphv lpsrvvleoh wr uhpryh doo lqfhqwlyhv iru ulvn vhohfwlrq zkloh
dw wkh vdph wlph uhvshfwlqj d uhtxluhphqw ri krul}rqwdo qhxwudolw|1 Wkh hpslulfdo
zrun vkrxog eh lqwhusuhwhg iurp wklv srlqw ri ylhz1
+g, D ixoo vwuxfwxudo prgho vkrxog +dqg fdq, lqfrusrudwh wkh ehkdylrxu ri wkh
khdowk sodqv lq wkh h{shqglwxuh htxdwlrqv wr eh hvwlpdwhg1 D yhu| vlpsoh uvw vwhs
lv wkh lqwurgxfwlrq ri khdowk sodq gxpplhv1 Li wkh dvvxpswlrq ri dgglwlyh vhsd0
udelolw| lv vdwlvhg/ wkh qdwxudo phfkdqlvp |lhogv d vhw ri oxps vxp fdslwdwlrqv/
vx!flhqw wr uhpryh wkh lqfhqwlyhv iru ulvn vhohfwlrq1 Krzhyhu/ lw lv xvhixo wr orrn
iru furvv0hhfwv ehwzhhq wkh khdowk sodq dqg wkh ohjlwlpdwh ulvn dgmxvwhuv1 Li vrph
ri wkhvh furvv0hhfwv duh vljqlfdqw/ rqh kdv wr idfh djdlq wkh wudgh0r ehwzhhq hi0
flhqf| dqg htxlw|1 Wkh vwdwlvwlfdo whvwlqj ri wkh dgglwlyh vhsdudelolw|0dvvxpswlrq
|lhogv xvhixo lqvljkwv lqwr wkh ihdvlelolw| ri +svhxgr, uvw ehvw0vroxwlrqv/ zkhuh wkh
svhxgr uhihuv wr wkh idfw wkdw wkh ulvn dgmxvwhuv lqfoxghg lq jhqhudo zloo qrw eh
shuihfw1
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